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Design Summary

Assumptions:

1. Downdrag has been considered from superstructure, pile cap and Fin Walls and are added to
downdrag experienced at pile tip. See Page 06 for downdrag profile. Downdrag on pile in contact with
soil is ignored in the CMP sleeve region.

2. No soil imposed deformations are considered on pile due to CMP sleeve.

3. Axial loads from superstructure are considered. Lateral loads include loads from bearing
deformation (friction), earthquake, lateral earth pressure and wind. Cases with, without and partial
bearing deformation are considered. When including the bearing deformation (FR), if the deflection at
top is analyzed to be 1.5"+ (at which bearing force will act opposite to other lateral forces) then
bearing deformation is removed or reduced.

The governing cases for both abutments shown on page 16

4. Axial load bearing capacities are provided by the geotechnical engineer. See page 08 and 09.

5. Total transverse seismic load in abutment 1 is reduced to account for resistance offered by 1 Fin
walls. The calculations for transverse load reduction on piles due to fin wall is on page 10.

6. Total transverse seismic load in abutment 2 is reduced to account for resistance offered by passive
pressure on curtain wall. 85% passive pressure is assumed as the curtain wall is expected to move
the required value to mobilize full passive pressure. The calculations for reductions are on page 11
and 85% mobilization assumption is verified on page 22.

7. The demand/capacity for piles at abutment 1 (West) in EXT case is about 90% and in STR case is
about 66%. The majority of demand is due to flexure in EXT case.

8. The demand/capacity for piles at abutment 2 (East) in EXT case is about 62% and in STR case is
about 62%.

9. Capacity is based on Reinforced concrete filled steel tube composite section as per WSDOT BDM
section 7.10. See page 28 to 35. The concrete and reinforcement are terminated 30" below pile head
based on the moment diagram.
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PROJECT: [1-405 R2B Final Design - BR 28W (112th Ave) JOB NO.: A207833
SUBJECT: |Pile Loadings and Analysis - Load Estimates Sheet: 1

BY: RSGR | [ DATE: 9/13/2021
| cHECK:] MEDN | [ DATE: 9/13/2021

Load Estimation

Unfactored Dead Load

Abutment | DC [kips] | DW [kips]
1 1399 97
2 1420 96
Nos. of piles
Abutment Nos.
1 7
2 6
Load per pile:
Abutment | DC [kips] | DW [Kips]
1 213 14 Total Load/nos. of piles
2 250 16

NOTES

from PTWL Superstructure Dead Loads + weight of substructure

*DC Load includes weight of superstructure + pile cap + curtain walls + Fin Wall + Soil above Fin Wall + approach slab + concrete in piles
**DW is load from wearing surface

Unfactored Live Load (Max.

Design Lanes

MPF - Substructure

Roadway Width
Abutment 1 length 51.2 |ft
Abutment 2 length 54.8  |ft
Deisgn Traffic Lanes! 2.0 lanes
Possible Lanes at Abutment 1 4.0 lanes
Possible lanes at Pier 2/Abutment 2 4.0 |lanes

Number of
Loaded Lanes
1
2
3
>3
Dynamic Allowance IM (DLA)
Substructure!
Design Live Load HL-93

soKP  320KP 320KP

L wo |wo' 10 0]

[lacal
Leo]

Figure 3.6.1.2.2-1—Characteristics of the Design Truck

Max Reaction Cﬁe occusrzs as sghown R1: kips
14' J
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T 112.5'
R1
Lane Load oea Jwr
] K LJ
112.5'
R1 R2
r T T
0 50 100 150
Distance from Left of Beam (ft)
Max Reaction due to lane load :[___46 _|kips
In order to calculate the value of X, the following
cases were checked:
2X (kips X (Kips;

Case1 1 Design Truck 68 |kips 34

Case2 (1 Design Truck + Lane Load) 114 |kips 57

Case3 (1 Design Truck_DLA + Lane Load). 137 68

Base

per BDM 3.9.3 C / AASHTO 3.6.1.1.2

[AASHTO Table 3.6.2

Use Case 2 and 3 to get maximum reaction on piles due different lane arrangement (inc. on sidewalk), see below
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PROJECT: [1-405 R2B Final Design - BR 28W (112th Ave) JOB NO.: A207833
SUBJECT: |Pile Loadings and Analysis - Load Estimates Sheet: 1

BY: RSGR | [ [ DATE: 9/13/2021
| cHECK:] MEDN | [ | DATE: 9/13/2021

Abutment 2: Governing Case - 3 Lane Case
WITH PEDEGTEIAN FENCING T

/—ﬁ.czwau BEYOND

5" 5 WATER MAIN

F SLOPE AT

Jaatie

X
Ty

ERG, TYF

DIAPHRAGM

T e

2 Lane Case
Abutment width, w=
Distance of piles centre from edge, c=
Total Load for 2 lanes, 4x=
No. of Piles, n=
Distance of centre of 2 lanes from edge, L2=
Moment if 2 lanes moved to abut. centre, M=
Distance of pile 6 from the abut centre, S6=
Distance of pile 5 from the abut centre, S5=
Distance of pile 4 from the abut centre, S4=
Distance of pile 3 from the abut centre, S3=
Distance of pile 2 from the abut centre, S2=
Distance of pile 1 from the abut centre, S1=
587

Max Load in Pile 6=
Max Load in Pile 5=
Max Load in Pile 4=
Max Load in Pile 3=
Max Load in Pile 2=
Max Load in Pile 1=

3 Lane Case
Abutment width, w=
Distance of abut centre from edge, c=
Total Load for 3 lanes, 6x=
No. of Piles, n=
Distance of centre of 3 lanes from edge, L3=
Moment if 3 lanes moved to abut. centre, M=
Distance of pile 6 from the abut centre, S6=
Distance of pile 5 from the abut centre, S5=
Distance of pile 4 from the abut centre, S4=
Distance of pile 3 from the abut centre, S3=
Distance of pile 2 from the abut centre, S2=
Distance of pile 1 from the abut centre, S1=
587

Max Load in Pile 6=
Max Load in Pile 5=
Max Load in Pile 4=
Max Load in Pile 3=
Max Load in Pile 2=
Max Load in Pile 1=

This figure shows 3 lane

54.75 |ft

27.50 |ft
229 |kips
6 |nos.

11 ft
3790 |k-ft

24 |ft

14 ft

4 ft

-5 ft

-15  |ft

-24 _|ft

1614

94 kips
71 |kips
47 kips
26 |kips
3 kips
©18_|kips

ft

ft
kips
nos.

ft
k-ft

ft

ft

ft

ft

ft

-24 _|ft

1614
99 kips
78 |kips
57 kips
38 |kips
17 kips
-2 |kips
example,

Max Reaction occurs at Pile 6 due to 3 lanes
Max Reaction occurs at Pile 6 due to 3 lanes (w/ DLA)

which is placed at different locations along the pile cap to get max reaction
Similarly is checked for 1, 2 and 4 lanes, but 3 lane case is the maximum

use abutment 2 for estimate of live load for both abutments
(includes MPF)

Lane placed at about 2'-11" from edge of abutment

=P/n + (M*S)/55?

(includes MPF)

Lane placed at about 2'-11" from edge of abutment

=P/n + (M*S)/5S?

[ 99 Jkips
kips
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PROJECT: [1-405 R2B Final Design - BR 28W (112th Ave) JOB NO.: A207833
SUBJECT: |Pile Loadings and Analysis - Load Estimates Sheet: 1

BY: RSGR | [ [ DATE: 9/13/2021
| cHECK:] MEDN | [ | DATE: 9/13/2021

Abutment 1: Governing Case - 3 Lane Case

2 Lane Case
Abutment width, w=| 51.21 |ft use abutment 2 for estimate of live load for both abutments
Distance of piles centre from edge, c=| 25.60 |ft
Total Load for 2 lanes, 4x=| 229 _|kips (includes MPF)
No. of Piles, n= 7 nos.
Distance of centre of 2 lanes from edge, L2=[__11__|ft Lane placed at about 2'-11" from edge of abutment
Moment if 2 lanes moved to abut. centre, M=| 3357 |k-ft
Distance of pile 7 from the abut centre, S7=| 19.63 |ft
Distance of pile 6 from the abut centre, S6=| 13.08 |ft
Distance of pile 5 from the abut centre, S5=| 6.54 |ft
Distance of pile 4 from the abut centre, S4= 0 ft
Distance of pile 3 from the abut centre, S3= -7 _|ft
Distance of pile 2 from the abut centre, S2= -13  |ft
Distance of pile 1 from the abut centre, S1= _-20 |ft
587 1198
Max Load in Pile 7= 88 kips
Max Load in Pile 6= 69 kips =P/n + (M*S)/5S?
Max Load in Pile 5= 51 kips
Max Load in Pile 4= 33 kips
Max Load in Pile 3= 14 kips
Max Load in Pile 2= -4 kips
Max Load in Pile 1= -22 |kips
3 Lane Case
Abutment width, w=| 51.21 |ft
Distance of abut centre from edge, c=| 25.60 |ft
Total Load for 3 lanes, 6x=| 291 _|kips (includes MPF)
No. of Piles, n= 7 nos.
Distance of centre of 3 lanes from edge, L3=[_16__|ft Lane placed at about 2'-11" from edge of abutment
Moment if 3 lanes moved to abut. centre, M=| 2823 |k-ft
Distance of pile 7 from the abut centre, S7= 20 _|ft
Distance of pile 6 from the abut centre, S6= 13 ft
Distance of pile 5 from the abut centre, S5= 7 |ft
Distance of pile 4 from the abut centre, S4= 0 ft
Distance of pile 3 from the abut centre, S3= -7 _|ft
Distance of pile 2 from the abut centre, S2= -13  |ft
Distance of pile 1 from the abut centre, S1= _-20 |ft
587 1198
Max Load in Pile 7= 88 kips
Max Load in Pile 6= 72 kips =P/n + (M*S)/5S?
Max Load in Pile 5= 57 kips
Max Load in Pile 4= 42 kips
Max Load in Pile 3= 26 kips
Max Load in Pile 2= 11 kips
Max Load in Pile 1= -5 kips

This figure shows 3 lane example,

which is placed at different locations along the pile cap to get max reaction

Similarly is checked for 1, 2 and 4 lanes

Max Reaction occurs at Pile 7 due to 3 lanes

Max Reaction occurs at Pile 7 due to 3 lanes (w/ DLA)

kips
kips
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PROJECT: [1-405 R2B Final Design - BR 28W (112th Ave) JOB NO.: A207833
SUBJECT: [Pile Loadings and Analysis - Load Estimates Sheet: 1
BY: RSGR | [ [ DATE: 9/13/2021
[ cHECK:[  MEDN | [ | DATE: 9/13/2021
[ LOAD FACTORS (AASHTO Ta. 3.4.1-1)
DEAD
1y
DC bw
Strength | 1.25 1.50 175
Strength V[ 1.25 1.50 135
Extremel|  1.00 1.00 050
FACTORED DL AND LL LOADS (per pile)
Abutment 1 (West)
“DEAD oL [aLL_DLA Total [Total DLA
Strength | 287 154 184 441 471
Strength V| 287 119 142 405 429
Extremel| 227 44 - 271 -
Abutment 2 (East’
DEAD oL [aLL_DLA Total |Total DLA
Strength || 336 173 207 509 543
Strength V[ 336 133 160 469 496
Extremel| 266 44 - 310 -
[ FACTORED DOWNDRAG LOADS - Downdrag Profile

1.0 DD From Superstructure, Pile cap
1.1 From end diaphragm and pile cap
height of pile cap, hpc= ft

height of diaphragm, hs=[_ 7.6 _|ft
Total height of soil, h= ft

LEP diagram

0.

Soil unit weight »
LEP coefficient, static, Ko

Friction force = /¢ x EH

Pile cap bottom level below ground, H=[_11.7 |ft

Lateral EP at bottom of pile cap=| 0.60653 |k/ft2
LEP Force at bottom of pile cap abut 1, EH1=| 182 |kips
LEP Force at bottom of pile cap abut 2, EH2= 194  |kips

1.2 Calculate Friction Force between concrete and soil
Downdrag is equal to friction developed
O'F;
Friction coefficient, p= TAN 3=TAN ®'r

/3 of 38 degrees friction angle (for concrete and soil)

de by pile nos.
kips per pile

Factored ( x 1.4)
Friction Force along pile cap abut FR1=

Friction Force along pile cap abut FR2.

kips per pile

2.0 DD From Fin Walls and Soil above Fin Walls (Only occurs in Abutment 1)

2.1 From Fin Wall (Concrete-soil

Value given by geotech

=divide by pile nos.
Total Friction Force due to 1 Fin Wall=[_31.0 ]kips kips per pile

Factored ( x 1.4)

2.1 From Soil above Fin Wall (Soil-soil)

Value given by geotech

=divide by pile nos.
Friction Force due to soil block above 1 Fin Wall=[__27 _|kips

kips per pile

Factored ( x 1.4)

3. Max. DD at pile tip elevation
Value estimated from A-pile charts
Pile tip elevation=__66 _|ft
Max DD at that elev.[ 250 |kips
pile tip elevation[ 65 _]ft
Max DD at that elev.[ 275 |kips

For Abutment 1
For Abutment 1 x1.4= [ES0NIN

For Abutment 2

For Abutment 2 x1.4= [EESHN

— from DD load at pile tip elevations

Refer to geotech Apile charts
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PROJECT: |I-405 R2B Final Design - BR 28W (112th Ave) JOB NO.: A207833
SUBJECT: |Pile Loadings and Analysis - Load Estimates Sheet: 1
BY: RSGR | [ [ DATE: 9/13/2021
| cHECK:] MEDN | [ | DATE: 9/13/2021
DOWNDRAG PROFILE® | *for EXT Case, use 1.0 factor instead of 1.4
131.53 137.98
> from Fin wall and Pile Cap
121.53 127.98
— from Fin wall + Pile Cap + soil in contact with pile
65 65
Abutment 1 Abutment 2
Soil ion Profile - For both
No deformation if external casing is used agreed with geotech and wall designer

*lateral loads refer to next sheet

Load Cases - Axial Demands*

For Pile nos. and lengths Abutment 1 Abutment 2
1 Factored DL + Factored LL STRI 441 509
2* Factored DL + Factored LL + additional axial from EQ EXT1 351 370 *additional axial load added due to lateral loads to EXT case

For Structural Checks

- Top 20ft of Piles - governed by lateral loads Abutment 1 Abutment 2
Axial Axial
1 Factored DL + Factored LL + lateral loads STR1
2* Factored DL + Factored LL + lateral loads EXTI 351 *additional axial load added due to lateral loads to EXT case
3 Factored DL + Factored DD + lateral loads STR
4 Factored DL + Factored DD+ lateral loads EXT
- After 20ft of Piles - governed by axial loads*
1 Factored DL + Factored LL + lateral loads STRI 441
2* Factored DL + Factored LL + lateral loads EXTI *additional axial load added due to lateral loads added
3 Factored DL + Factored DD + lateral loads STR [ 666 |
4 Factored DL + Factored DD + lateral loads EXT 577

=values used for design check
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PROJECT: |1-405 R2B Final Design - BR 28W (112th Ave) JOBNO.: A207833
SUBJECT: |Pile Structural Checks | Sheet: 2|

BY: [ RSGR | DATE: 9/13/2021

CHECK:| MEDN | | DATE: 9/1312021

Procedure:

- determine number of piles required to resist vertical demands, based on geotech vertical load capacity

- estimate lateral loads and moments

- Check effects of loads on structural capacity of selected pile using Lpile

1.0 Vertical Demands
Str Case | Ext Case
Unfactored DL 1 Vertical |1 Vertical
[kip] [kip] [kip]
Abut West 1496 3084 1895
Abut East 1516 3054 1858
Abutment Length
[Abut west 51.21[ft |
|Abut East | 54.75[ft |
Pile Diameter; D 2|ft
Average Spacing Abut 1 6.54(ft
Average Spacing Abut 2| 9.25(ft
West Pile embed Length 64|ft
East Pile embed Length 64|ft
2.0( i Piles Requi
c/c ExtI
Piles Req'd |, . Length |outside |Str I Load Fit in
iles prov'd [ea] . € Load | .
[ea] (ft) piles per Pile il pile cap
Pl per Pile
|Abut West 6 7 64 39 441 351 OK
|Abut East 6 6 64 46 509 370 oK

Estimated in Load estimation sheet from previous sheet

Taken from the latest drawing file

WSDOT GDM 8.12.2.2; 2.5D satisfied

Min. required length to meet axial
demand

Nos. and Length Estimated based on geo tech info in A Pile
Diagrams

OK. number of piles required will fit with abutment length

C:\Users\rsgr\Desktop\i405\BR 28 W\New_Analysis_June_2021\28W Pile Design_20210829 (version 1)

Compare against axial capacity chart
on next page
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JJ 12/16/2020 L:\Notebooks\1943404_WSDOT _I-405_Staff Augmentation\Analysis and Calcs\BR28 - 112th Ave\Pile Capacities\APILE\24inch piles_0.625inch
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Pile Axial Capacity (kips)

0 ; —_— 123
- Pile Top at 119.5' —/
c
3 20 - - 103
S
[a]
2
o 401 - 83
5}
o Pile Tip Elev =123 -57 =66
E \
= 60 - 63
©
[+/]
Q
£
‘3 Gg 80 - - 43
o2
=
3
('5 100 - 23
3
o
<]
@ 120 - - 3
s
o
O&F 250 kip
o | L
= 140 17
(]
T Factored STR detand = 425 + pile
160 concrete 16 + initial 4' of 30 kips =471 a7
0/N\_ 30 kips of resistance ig g ignored by 1,000 1,500 2,000 2,500 3,000
adding to factored demand i ’ i ’ ’
- = = Strength (Uplift) - = = Extreme (Uplift) Strength (Comp) Extreme (Comp) Downdrag Load

Notes:
1) A steel elastic modulus of 29,000,000 psi and pile thickness of 0.625-inch was assumed in computations.
2) A ground surface elevation at the time of pile driving of approximately 123 feet (NAVD88) was assumed.
3) The capacities presented do not incorporate a downdrag load. Downdrag load and depth of downdrag considered is dependent on pile embedment length. The
downdrag depth and magnitude should be chosen from the "Downdrag Load" series that corresponds to the total pile embedment.
4) The downdrag load is dependent on dead load applied at the pile head, and was calculated using a conservatively low value of 240 kips. The downdrag load was
calculated using the neutral plane methodology as described in FHWA-NHI-16-009 using APILE.
5) No load factors were applied to the "Downdrag Load" series shown. Apply appropriate load factor to the downdrag load according to Table 3.4.1-2 in AASHTO LRFD
8th Edition (2017). The "Tomlinson Method" should be used in reference for native soils and "O'Neill and Reese (2010) Method" for the MSE wall.
6) Recommended resistance factors for compression and uplift resistance are 0.65 and 0.5, respectively, and were applied for the Strength Limit State according to
AASHTO LRFD 8th Edition (2017). This assumes pile capacity verification by dynamic testing with signal matching.
) For the Extreme Event Limit State, recommended resistance factors are 1.0 and 0.8 for compression and uplift, respectively.
) For pile penetrations less than 20 feet, the nominal resistance is less than the estimated lower bound dead load at the top of pile. Embed piles deeper than 20 feet.
) To account for side resistance along the length of the pile through the MSE wall, see chart in Figure H-5. Magnitude of skin resistance is dependent on wall height.
) If piles are installed without casing before MSE wall construction, downdrag will need to be considered within the MSE wall in addition to what is shown on the
"Downdrag Load" series. See chart in Figure H-5 for skin resistance in the MSE.
11) Per GDM Section 8.12.2.1, the maximum nominal pile resistance for 24-inch piles is 1,500 kips. The nominal pile capacity may be increased if a pile load test is
performed.

7
8
9
0

1
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JJ 12/16/2020 L:\Notebooks\1943404_WSDOT _I-405_Staff Augmentation\Analysis and Calcs\BR28 - 112th Ave\Pile Capacities\APILE\24inch piles_0.625inch

Pile Tip Depth (feet)
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Pile Axial Capacity (kips)

0 125
L\
W
g, WV
S 20 \ - 105
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o \ \
[ \
— \ \
S 4t N\ &0 85
o \ . -
[) N Pile Tip Elev = 125 - 60 = 65
£ NN \
- N
= 60 N ~ L 65
© \3 N\
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©
52 g \
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[72] g \
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<
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3
o
@
= 120 - - 5
=
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[
(=]
2 140 ] N L 15
D = 275{kips FactoreH\STR deman
o kips
160 inc. pile conc. 35
0 500 1,000 1,500 2,000 2,500 3,000
- = = Strength (Uplift) = = = Extreme (Uplift) Strength (Comp) Extreme (Comp) Downdrag Load

Notes:
1) A steel elastic modulus of 29,000,000 psi and pile thickness of 0.625-inch was assumed in computations.
2) A ground surface elevation at the time of pile driving of approximately 125 feet (NAVD88) was assumed.
3) The capacities presented do not incorporate a downdrag load. Downdrag load and depth of downdrag considered is dependent on pile embedment length. The
downdrag depth and magnitude should be chosen from the "Downdrag Load" series that corresponds to the total pile embedment.
4) The downdrag load is dependent on dead load applied at the pile head, and was calculated using a conservatively low value of 240 kips. The downdrag load was
calculated using the neutral plane methodology as described in FHWA-NHI-16-009 using APILE.
5) No load factors were applied to the "Downdrag Load" series shown. Apply appropriate load factor to the down drag load according to Table 3.4.1-2 in AASHTO LRFD
8th Edition (2017). The "Tomlinson Method" should be used in reference for native soils and "O'Neill and Reese (2010) Method" for the MSE wall.
6) Recommended resistance factors for compression and uplift resistance are 0.65 and 0.5, respectively, and were applied for the Strength Limit State according to
AASHTO LRFD 8th Edition (2017). This assumes pile capacity verification by dynamic testing with signal matching.
7) For the Extreme Event Limit State, recommended resistance factors are 1.0 and 0.8 for compression and uplift, respectively.
8) For pile penetrations less than 20 feet, the nominal resistance is less than the estimated lower bound dead load at the top of pile. Embed piles deeper than 20 feet.
9) To account for side resistance along the length of the pile through the slope fill, see chart in Figure H-6. Magnitude of skin resistance is dependent on wall height.
10) If piles are installed without casing before fill slope construction, downdrag will need to be considered within the slope fill in addition to what is shown on the
"Downdrag Load" series. See chart in Figure H-6 for skin resistance in the fill slope.
11) Per GDM Section 8.12.2.1, the maximum nominal pile resistance for 24-inch piles is 1,500 kips. The nominal pile capacity may be increased if a pile load test is
performed.
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PROJECT: [1-405 R2B Final Design - BR 28W (112th Ave) JOBNO.: A207833
SUBJECT: [Pile Structural Checks | | Sheet:| 2|
BY:| RSGR | | | DATE: 9/13/2021
CHECK:| MEDN | | | DATE: 9/13/2021
3.0 Total Seismic lateral loads on Piles: Transverse only (EQ)
Abut West but East
Fooa 117 1.17 AASHTO Table 3.10.3.2-1
PGA 0.43 0.43 AASHTO Fig 3.10.2.2-1
Seismic acceleration, As= 0.503 0.503 |=FpeaPGA AASHTO 3.10.4.2-2
Tributary weight, M= 1496 1516 |Kips inc. weight of substructure (234 kips for abut 1 and 270 kips for abut 2)
Seismic demand, S= 706 708 _|Kips (for substructure weight 0.6xAs is used)

At abut 1, calculate resistance from 2 Fin Wall
Resistance offered by Fin Wall is estimated by the geotechnical engineer.

Refer to geotech addendum for recommendations

Piles are designed for the case when Fin wall offers the least resistance. i.e. 200 kips
This accounts for active+passie pressures on fin walls and MSE wall

Minimum 0.5" of Fin wall movememnt is req. for 100% mobilization of Fin wall resistance of 200 kips

Resistance from walls per geotech calculations, R Kips
Limit R for pile design= Kips

At abut 1, calculate sl

ion between concrete and s

c=[_ o8

Resistance Factor, 0.9
O'F=| 25.46 =2/3 of angle of friction of 38 degrees

TAN 5=TAN ®'r=| _ 0.48

V=Lateral earth pressure

I [
Seismic Active earth pressure coefficient, Kae=[__0.42 AN I -
Height of diaphragm below ground engaged, Hw: 76 |t |\¢‘ | :k
Length of diaphragm, Lw: 48.42 |ft i i\ i
soil unit weight, gamma=|__0.135_|kcf lN [ 5> 1T
Pressure at the bottom, pp=|_0.43 _|ksf =Kae x gamma x Hw i 1
Total force, V= 37 |kips =0.5 x pp x 3.5 of pile cap x Lw
factored Friction Resistance, Rr=[_13_Jkips  =phi x CV x TN o'F i P }
shall be taken as: = 1.0 for concrete cast against soil
= 0. for precst concrefe footing
Ro= Vg (106342)
Hence, seismic total seismic demand in transverse direction for abutment 1: )
L N 4 = inemal friction angle of drained soil
Net Seismic Force =S - R-Rr =] 493 |kips (degrees)
per pile =70 __|kips Vo= ol verial force (ips)

At abut 1, increas longitudnal force due to pas:

e force in Fin Walls

*The increase in longitudnal lateral force due to passive force in Fin Wall; is marked as X in the figure
Here, assumed 200 kips of passive force is used for the Fin Wall

Moment by passive force, Mp= 1325 k-ft =(200)*(Fin wall length*0.5+0.5*pile cap width)

=calculate increase in longitudnal force due to this moment (next page); Note that this is on the conservative side since

Increase in lateral force, X= (refer to figure on the side)

cgemope 0N T 3
Pile Spacing, s= g o soe
x d (from centre) Force, (Mnet x d / (3d~2)), kips A wsn | ‘ "
1 6.54 |t 145 l
3 13.08_|ft 28.9
5 19.62 |ft 434 oo
Sdr2= 599
Hence, max longitudinal force going to pile due to transverse EQ=[ _43.4 _ |kips - Add this to longitudnal lateral force for EQ case for abut 1 piles only
Associate longitudinal moment at top of edge pile=| _ 81.6 _|k-ft
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At abut 2, calculate passive resistance from curtain Wall

Length of curtain wall engaged, Lw=[__7.0 |t
Height of curtain wall engaged, Hw=|_10.24 |ft
Depth below ground, z=|_10.24_|ft
Passive Pressure developed during seismic event pp=|__6.83 _|ksf =0.67 x Hw
Passive Force developed, Pp=|__343 _|kips =ppxzxLlwx0.7

At abut 2, calculate slide resistance from friction between concrete and soil

c=[ o8
Resistance Factor, 0.9
o'F=|_25.46 ' ST
TAN 5=TAN 0.48 e d
V=Lateral earth pressure
Seismic Active earth pressure coefficient, Kae=[_0.42 EP—
Height of pile cap and diaphragm engaged, Hw=| 115 |ft
Length of pile cap engaged, Lw=| 54.75 |ft 1 IEN BN BN [ ENEERES
soil unit weight, gamma=|_0.135 _|kef ; =] 7] & &) < &
Pressure at the bottom, pp=|_0.65 _|ksf =Kae x gamma x Hw -
- Ki =05 Hw x Ly b3
Total force, V 205 _|kips X pp x Hw x Lw ] s o Ji
factored Friction Resistance, Rr=[___70 _|kips =phi x CV x TAN O'F
Hence, seismic total seismic demand in transverse direction for abutment 2 assuming that only 85% of passive pressure is developed.
Net Seismic Force = S - 0.85Pp - Rr =[__347__|kips
per pile kips
[ Abut West [Abut East
Reduced seismic demand, S= Kips
per pile= kips These values are for Transverse Direction, Use East abutment values for analysis/design
4.0 Pile Axial Loads increment due to lateral Seismic Force
Seismic Force, Calculate Moment Arm at abutment 2
’ 9" from pile top Lateral Force, L actat, D LD
Superstructure[ 686 8 5486
Pile Cap|_125 3.15 393
Fin Wall_8 1.84 15
Passive Resistance from Fin Wall|_-200 | 1.84 | -367
D eff
s [e18 ] 5527 | 9 |=sLD/sL

l 1 T T T Added back to EXT case

73 a8 24 24 48 | 73
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5.0 Seismic lateral loads on superstructure: Longitudnal onl
Abut West but East
Fooa 117 1.17
PGA| 0.43 0.43
Seismic acceleration, As= 0.503 0.503 |=FpeaPGA
Tributary weight, M= 1264 1250 |Kips excluding pile cap weight and shear keys and Fin Wall
Lateral force= 636 629 |kips
Lateral force, S= 1265 kips

Hence total lateral force, S =[ 1265 kips

This is to be resisted by passive pressure behind abut diaphragm as shown below:

hragm can develo

assive resistance to take seis!

Length of diaphragm between curtain walls, Ld =[__48.8 _|ft
Height of ground at end of diaphragm, Hd =] 7.60 |ft Required Height + For cohesionless, nonplastic backfil (fines content les than 30 percen),the passive
Passive pressure Force developed, Pp=| 1322 |kips =0.67 x Hd x Hd x Ld x 0.7 pressure pp may be assumed equal to 2Hw/3 ksf per foot of wall length
Passive force > Total lateral seismic force (1246 kips)|_ok
Hence, ~ 2.8' (2'-10") below the bottom flange of the girder (instead of 1')
Superstructure Depth[ 4.
Required Height| 7.60 |ft

Assuming dense sand, Longi Slope effect| _0.1__|ft
the following displacement is needed to develop Diaphragm extension below bottom flange| 2.8 _|ft =(7.6-4.9+0.1)
passive pressure A/H=

s

|_0.91 |inches  this movement is less than the 1.5" gap between end diaphragm and pile €  Table C3.111-1—Approximate Values of Relative
Movements Requircd to Reach Active or Pasive Earth
Pressure Conditions (Clough and Duncan, 1991

Values of A/H_
Hence, for piles, seismic force in long. direction comes from Seismic active pressure behind the pile cap and interia of pile cap self weig Type of Backil ciive Passive

Dense sand 001 1
Medium dense sand 002
Loose sang 004
Check if East diaphragm can develoj Compaoied 3L o
Compacted lean clay 010

Length of diaphragm, Ld =[_54.75_]ft Compacted fat clay 0010 0.0

Height of ground at end of diaphragm, Hd =|_7.60 _|ft Required Height

Passive pressure Force developed, Pp=| 1483 _|kips

=0.67 x Hd x Hd x Ld x 0.7
Passive force > Total lateral seismic force (1246 kips) ok

Hence, use 2.8' (2'-10") below the bottom flange of the girder (instead of 1')
Superstructure Depth[ 4.9 __|ft

Required Height| 7.60 |ft

Assuming dense sand, Longi Slope effect| 0 __|ft
Diaphragm extension below bottom flange| 2.7 _|ft

the following displacement is needed to develop

passive pressure M=
76

| 0.91 [inches  this movement is less than the 1.5" gap between end diaphragm and pile cap

=(7.6-4.9 +0)

Hence, for piles, seismic force in long. direction comes only from seismic active pressure behind the pile cap and interia of pile cap self weight
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6.0 Lateral Demands on

Piles : Bearing shear deformation (Londitudnal

Abut West  |Abut East

Max. bearing deformation= 15 15 |in

G= 0.165 0.165_|ksi Shear modulus
A= 210 210 |in2 area of elastomeric pad

height of pad= 2.5 25 |in

Max. Force P= 20.79 20.79_|kips =This is the max bearing force

No. of Girders= 6.0 6.0

Force per pile= 17.82 20.79_|kips/pile

Induced Moment at pile= 107 125 |k-ft/pile 6ft moment arm

Do not consider FR when deflection of pile top with FR is > 1.5" at which FR will help

7.0 Lateral Demands on Piles : Wind (transverse) (WS

Curtain Wall height| 10.000]ft

vengtn[ 7000}

Wind pressure on abutment
Limit State 24

Wind load on abutment
Limit State___ Force

strength V[ 3.5]kips/abutment

Wind pressure on superstructure

Wind pressure (ksf)

WEC "C”

Limit State | Transv
Strength V| 0.040

Wind load on Superstructure

heign 10333 >
Length ft
Limit State Force
strengen v[ 40,8 ips
Kips/abutment

Total Wind Load

Strength V[ 28.4 __|kips/abutment
5 kips/pile

e

0"-7" BACK TO BACK OF PAV'T SEAT

€ ABUTMENT 1
i 20
T

112

T WALL

hy S X

09.

T
WALL— -
15ML-C. il

/

=4
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Soil unit weight
Gravel Backfill Ko
Gravel Backfill Ka

kcf
at rest - STR case

0.235 Active - STR case
54.75 ft

Length of pile cap

LEP values
below ground] _at rest active
ft|  k/saf k/saf
o[ __o0.00 0.00
7.6 __0.42 0.24
115 0.64 0.36

Total force on pile cap (kips:

Area of highlighted portion x length of pile cap

Use Active Pressure Force
65 kips
i1 kips
Moment arm=|__ 2.5 ft
Induced moment= 27 kips-ft/pile

(use biggest abutment)

Seismic Active

LEP EQ valu
below ground] earthquake
ft| k/saf
o] 0.00
7.6] 043
115 0.65

Total force on
Area of highlighted portion x length of pile cap
Seismic Active

LEP:EQ force
per pile, Abut 2, 3

kips
kips

Seismic Horizontal Acceleration coefficient, 0.6 x k,=[_0.302_|g

Weight of pile cap, Ww=|_278.00_|kips
Horizontal inertial force due to seismic loading, P =|_83.9 _|kips
Horizontal inertial force due to seismic loading, Py 14.0__|kips/per pile

Effective Lateral Seismic Force, Peg= kips/per pile
Moment arm= ft
Induced moment=| 66 __|kips-ft/pile

& FIER
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8.0[ Load combinations - Abutment 1
For Lateral Loads EH FR £Q WS
Strength 1 Load Case: 15 1 0 0
Strength V Load Case: 15 1 0 1
Extreme I Load Case: 1 1 1 0
Service I Load Case: 1 1 0 1
Axial Load at top | _Long Trans _|Check Design Moment at Pile Top
Strength 1 Load Case: 441 34 0 165 W
Case 1 Strength V Load Case: 441 34 5 165 — With FR
Case 2 Extreme I Load Case: 351 72 70 208 |(30% L + 100%T)
Case 3 Extreme I Load Case: 351 60 21 197 |(100% L + 30%T)
Service I Load Case: 315 32 5 152
Axial Load at top | _Long Trans _|Check Design Moment at Pile Top
Strength 1 Load Case: 441 25 0 0.5 FR Used in STR Case
Case 4 Strength V Load Case: 441 25 5 103 |0.5 FR Used in STR Case
Case 5 Extreme I Load Case: 351 51 70 101 [(30% L+ 100%T) [ \yup oo
Case 6 Extreme I Load Case: 351 39 21 90 (100% L + 30%T) >
) Do not consider FR when deflection of pile top with FR is > 1.5" at which FR will help
9.0[ Load combinations - Abutment 2 |
EH FR £Q WS
Strength 1 Load Case: 15 1 0 0
Strength V Load Case: 15 1 0 1
Extreme I Load Case: 1 1 1 0
Service T Load Case: 1 1 0 1
Axial Load Long Trans _|Check Design Moment at Pile Top
Strength I Load Case: 509 34 0 165 }
Case 1 Strength V Load Case: 509 34 5 165 L | WithFR
Case 2 Extreme I Load Case: 370 29 58 144 |(30% L + 100%T)
Case 3 Extreme I Load Case: 370 47 17 190 |(100% L + 30%T)
Service I Load Case: 364 32 5 152
Axial Load Long Trans _|Check Design Moment at Pile Top
Strength 1 Load Case: 509 16 0 40 No FR Used in STR Case
Case 4 Strength V Load Case: 509 16 5 40 No FR Used in STR Case
Case 5 Extreme I Load Case: 370 18 58 82 (30% L + 100%T) 0.5 FR Used in ETR Case
Case 6 Extreme I Load Case: 370 26 17 66 (100% L + 30%T) No FR Used in ETR Case

Do not consider FR when deflection of pile top with FR is > 1.5" at which FR will help
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10.0]

Load Cases to analyze in L Pile (kips) - Abutment 1

Case 1: Str_(with FR’

Case 2: Ext I (100% trans + 30% Long’

Vertical Factored [(kips)

5
TRANS: Wind
(kips)

347
LONG: FR + EH

351 Vertical Factored | (kips)

.
&
é\\' »70 TRANS: EQ
(kips)

72
LONG:LEP EQ
+FR

‘with FR

Case 3: Ext I (30% trans + 100% Long

351 Vertical Factored | (Kips)

<
¥
S
&, » 21 TRANS: Earthquake EQ
& (ips)
/
60
LONG:LEP E
+FR
{with FR)

Vertical Factored

(kips)
oment = 103k-ft

5
TRANS: Wind
(kips)

25
LONG: EH

Case 5: Ext 1 (100% trans + 30% Long) (NO FR’

351 Vertical Factored | (Kips)

g
¥
o » 70 TRANS: Earthquake EQ
°@°° (kips)

R

51
LONG:LEP EQ
(kips)

[Case 6: Ext 1 (30% trans + 100% Long) (NO FR)]
351 Vertical Factored | (kips)

‘B&R‘
?9\” " » 21 TRANS: Earthquake EQ
o (kips)
/
39
LONG: LEP E
(kips)

Cases checked for

Case 1 2 3 are ignored as including bearing deformation causes substructure/pile to move 1.5+ inches at which FR will help. (Long Direction)

Hence, Case 4 5 6 are selected instead where deflection is between 1.2" for STR and 2.5" for EXT cases (Long Direction)

11.0]

Load Cases to analyze in L Pile (kips) - Abutment 2

Case 1: Str_( h FR

Case 2: Ext I (100% trans + 30% Long’

509 Vertical Factored [(kips)

5
TRANS: Wind
(kips)

LONG: FR + EH

370 Vertical Factored | (kips)

»58 TRANS: EQ

|(kips)

LONG:LEP EQ
+FR

(with FR)

Case 3: Ext 1 (30% trans + 100% Lona)
| 370 Vertical Factored |(kips) |

LONG LEP ET

17 TRANS Earthquake EQ
| (kips)

509 Vertical Factored

oment = 40k-ft
5
) TRANS: Wind
(kips)
167
LONG: EH

370 Vertical Factored

&
7 » 58 TRANS: Earthquake EQ
g@é‘ (kips)
RS
18
LONG:LEP EQ
(kips)

[Case 6: Ext 1 (30% trans + 100% Long) (NO FR)]
370 Vertical Factored | (kips)

@“
LDNG LEP E
(Kips)

17 TRANS: Earthquake EQ
(kips)

Cases checked for

Case 1 2 3 are excluded as bearing deformation causes substructure/pile to move 1.5+ inches at which FR will exert load. (Long Direction)

Hence, Case 4 5 6 are selected instead where deflection is between 1" for STR and 1.6" for EXT cases (Long Direction)

P-y modification factor required for long analysis:

P-Y modification factors in trans using linear interpolation from following figure:

‘Table 10.7.2.4-1—Pile P-Multipliers, P, for Multiple Row Shading (averaged from Hannigan et al, 2006) Rnw Row  Row
Row 1 2 3orhigher
Pile CTC spacing 4B 0.9 both abutment Pile CTC spacing (n the direction of P-Muliplicrs, Py | Applied Load
pacing I I loading) Row | | Row 2 Row 3 and higher O O O
0.8 i 04 i 03
Pile Top = Pinned <5 R 035 1 07 Spaciag
Rowl [Row3 +
[ PileCTCspacing3.38__ | 0.83 | 0.35 |abut1 Pile Top = Fixed
|__Pile CTC spacing 4.625B_ | 0.96 | 0.6 |abut2
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L PILE INPUT FOR ABUTMENT 1 (WEST)

‘Section 1, Top

of Defined S

v| [0.00 - 30.00 ] ft Numb

Section Type Shaft Dimensions Concrete Rebars Steel Properties

Depth Below Pile Head, feet

Depth Below Pile Head, feet

Section Type and Shape
(O Elastic Section (Non-yielding) (O Steel AISC Section Strong Axis

(O Elastic Section with Specified Moment Capacity (O Steel AISC Section Weak Axis
(O Round Prestressed Concrete
(O Round Prestressed Concrete with Void

(O Rectangular Concrete Section

O Round Concrete Shaft (Bored Pile)

@® Round Concrete Shaft with Permanent Casing
(ORound Shaft with Casing and Core/Insert

(O Steel Pipe Section

(O Steel H Section Strong Axis

(O Steel H Section Weak Axis

(O Square Prestressed Concrete

(O Square Prestressed Concrete with Void

(O Octagonal Prestressed Concrete

(O Octagonal Prestressed Concrete with Void
(O User Defined Non-linear Bending Section

[ Adjust Softening of Moment Curvature

[ Compute Equivalent Elastoplastic Moment Curvature (CALTRANS)
MNote: Program will use the Equivalent Elastoplastic curve for analysis if this option is checked

Soil Profile

=2  Total Length = 61.50ft

Show
@® Section

5 ksi concrete

O Profile

#11 rebars

Undrained Strength, Su, psf

2 000 4000

6 000 8000

[Section 2] ~| [30.00 - 31.50] ft

M 15 20 25

30 35 40 45

Friction Angle, deg.

== Su = Friction Angle, deg |

p-y Modulus, k, pc

50

100 150

o
0 O No Soil I,
20 @ Layer 1 Stiff Clay wio water 2
40 @ Layer 2 Stiff Clay wio water § @
60 @ Layer 3 Stiff Clay wio water I
@ Layer 4 Stiff Clay wio water z 100
80 @ Layer 5 APl Sand 2
2
100 2 180
120 £
B
140 2 200
160 0
180
200
Effective UnitWeight, pef
0 20 40 60 80 100 120 = o
0 2 0
<
50 £ s
2
100 a 100
2
2
150 £ 150
£
200 B 200
a
0 5000 10 000 15 000

Vertical Effective Stress, psf

[ = Effective Unit weight == Effective Stress |

Soil layer input

0.000 0.005 0010 0.015 0.020 0.025 0.030 0.035 0.040

Epsilon 50

Section Type Pipe Pile Dimensions Steel Properties

Number of Defined Sections = 2

Total Length = 61.50ft

Show
Section Type and Shape © Section O Profiie
(O Elastic Section (Non-yielding) (O Steel AISC Section Strong Axis
(O Elastic Section with Specified Moment Capacity O Steel AISC Section Weak Axis
(O Rectangular Concrete Section (O Round Prestressed Concrete
(O Round Concrete Shaft (Bored Pile) (O Round Prestressed Concrete with Void
(O Round Concrete Shaft with Permanent Casing O Square Prestressed Concrate
(O Round Shaft with Casing and Core/Insert (O Square Prestressed Concrete with Void
(@ Steel Pipe Section (O Octagonal Prestressed Concrete
(O Steel H Section Strong Axis (O Octagonal Prestressed Concrete with Void
O Steel H Section Weak Axis (O User Defined Non-linear Bending Section
[[] Compute Equivalent Elastoplastic Moment Curvature (CALTRANS)
Note: Program will use the Equivalent Elastoplastic curve for analysis if this option is checked
50 ksi casing
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L PILE INPUT FOR ABUTMENT 2 (EAST)

ISection 1, Top

~| r0.00-30.001

Section Type Shaft Dimensions Concrete Rebars Steel Properties

feet

Depth Below Pile Head

Depth Below Pile Head, feet

Section Type and Shape

(O Elastic Section (Non-yielding)

(O Elastic Section with Specified Moment Capacity
(O Rectangular Concrete Section

(O Round Concrete Shaft (Bored Pile)

@ Round Concrete Shaft with Permanent Casing
(O Round Shaft with Casing and Core/Insert

(O Steel Pipe Section

(O Steel H Section Strong Axis

(O Steel H Section Weak Axis

[ Adjust Softening of Moment Curvature

[ Compute Equivalent Elastoplastic Moment Curvature (CALTRANS)

Note: Program will use the Equivalent Elastoplastic curve for analysis if this option is checked

g2gsy,

120
140
180
180
200
220

100
150
200

Soil Profile

O No Seil

@ Layer 1 Stiff Clay wio water
@ Layer 2 Stiff Clay wio water
@ Layer 3 Stiff Clay wio water
@ Layer 4 Stiff Clay wio water
@ Layer 5 AP| Sand

Effective Unit Weight, pcf
20 40 60 80 100 120

0 5000 10 000 15 000

Vertical Effective Stress, psf

| = Effective Unitweight = Effective Stress |

(O Square Prestressed Concrete

Number of Defined Sections = 2 Total Length = 73.00 ft

(O Steel AISC Section Strong Axis
(O Steel AISC Section Weak Axis

O Round Prestressed Concrete

(O Octagonal Prestressed Concrete

(O User Defined Non-linear Bending Section

Depth Below Pile Head, feet

Depth Below Pile Head, feet

[section 2J -| 130.00-73.00]

Section Type Pipe Pile Dimensions Steel Properties

Show

@© Section O Profile .
Section Type and Shape

() Elastic Section (Non-yielding)

Number of Defined Sections =2 Total Length = 73.00 ft

Show
@® Section O Profile

(O Steel AISC Section Strong Axis

(O Elastic Section with Specified Moment Capacity (O Steel AISC Section Weak Axis

(O Rectangular Concrete Section

(O Round Concrete Shaft (Bored Pile)

(O Round Concrete Shaft with Permanent Casing
(O Round Shaft with Casing and Core/Insert

(O Round Prestressed Concrete with Void

(O Square Prestressed Concrete with Void

@ Steel Pipe Section

(O Octagonal Prestressed Concrete with Void

5 ksi concrete #9 rebars

Undrained Strength, Su, psf

0 2000 4000 6000
0 ———
50
100 I
150
200
[+] 5 10 15 20 25 30 35 40 45 50
Friction Angle, deg.
I- Su == Friction Angle, d&g,l
p-y Modulus, k, pd
0 50 100 150
0
50
100
150
200

0.000 0005 0010 0.015 0.020 0025 0030 0035 004

Epsilon 50
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(O Steel H Section Strong Axis
() Steel H Section Weak Axis

[ Compute Equivalent Elastoplastic Mament Curvature (CALTRANS)
Note: Program will use the Equivalent Elastoplastic curve for analysis if this option is checked

O Round Prestressed Concrete

(O Round Prestressed Concrete with Void

(O Square Prestressed Concrete

(O Square Prestressed Concrete with Void

O Octagonal Prestressed Concrete

(O Octagonal Prestressed Concrete with Void

(O User Defined Non-inear Bending Section

50 ksi casing



Depth (ft)

ABUTMENT 1 WEST LONGITUDNAL CASES ANALYSED (STR Case and EXT case) ‘onaea

- Pin Head
- 0.9 p-y multiplier

441 351 351
N T
“ Y 103k-ft 90 k-ft

39

25 51

Note that this value includes
increase in longitudinal force
caused by torsional effect due to
Fin Walls. See Page 10-11. This
is a very conservative estimate EXT CAS E 30%'_ EXT CASE 100%'.
STR CASE as torsional effect can be ( ) ( )
resisted by soil behind the pile
cap which is not being

considered
Bending Moment (in-kips) Shear Force (kips)
Lateral Pile Deflection (inches) Jo00 0 1000 2000 3000 4000 5000 6000 7000 8000 9000  1E04 1.1E04 R 80 60 40 20
_05 0 05 1 15 ) 25 3 35 4 L 7\\\\\\\\\\\\\\\\\\\\\\\\\\
< L T 1T T 1T T 1T T 1T T T TTT T TTT 1T T 1T T 1T : \S\S\ :
C 7 / > i: %Q;;\\ i
T /Zx{jf )f}'ﬂ o \,\ - =
C r R [ o
ks A i \‘z N of e
L " Y - %ﬁf/f
ol B /} //} } F sl
. af o ] ARt
= - L x/ | o / le— ] " . E/B/E/z\ \v\
ST H / L | =] S S
C " L~ == C \s\s\\ \’\v\
L L ;{::;// /B/ B L \;\\‘k N

30

Depth (ft)

30
[
92)
=
P
0
>
J
m
Depth (ft)
35
T 1T 17T
TR S
T T 1T
“%

T v Load Case 1 z -~
C 0 Load Case 2 |&] EXT CABE (30%L) L v Load Case 1 2 Load Case |
L A Load Case 3 R = 0 Load Case 2 [ Z m:d C.:sz !
5
) b4 EXT CASE (100041} B A Load Case 3 r e 3
@ § EAT-CAIE (U0 0) 2 L A Load Case 3
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ABUTMENT 1 WEST TRANSVERSE CASES ANALYSED (STR Case and EXT case) TRANS CASE

- 0.35 p-y multiplier
- fixed pile head

441

351 351
5 70 21
70 kips per pile
Total 490 kips of EQ
STR CASE EXT CASE (100%T) EXT CASE (30%T) resisted by piles and
remaining resisted by
walls
1.48" of deflection Bending Moment (in-Kips) Shear Force (kips)
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ABUTMENT 2 EAST LONGITUDNAL CASES ANALYSED (STR Case and EXT case) ‘phGea

- 0.9 p-y multiplier

15

25

e

]

Depth (f)

/A

509 370 370
/7 ;\\ 40k-ft
26
16 18
STR CASE EXT CASE (30%L) EXT CASE (100%L)
82k-ft used to design pile
connection at top
o e Dending Moment (ke 70 60 -50 40 -30 5_';;”“‘“““_:?!’" 0 10 20 30
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Depth (f)

ABUTMENT 2 EAST TRANSVERSE CASES ANALYSED (STR Case and EXT case) TRANS CASE

- 0.56 p-y multiplier

- Fixed pile head

509 370 370

Top deflection = 1.1" which is
around 90% of deflection needed o
for full mobilization of passive 0,

pressure. Assuming dgnse sand, STR CASE EXT CASE (100 /OT) EXT CASE (30 A)T)
deflection needed for full
mobilization of passive pressure
is =0.01x 10.24' x 12" = 1.23",
where 0.01 is from AASHTO
table C3.11.1 and 10.24' is the
height of curtain wall and soil
behind it, Hence our assumption
of 85% effectiveness of passive
resistance is okay.

Lateral Pile Deflection (inches)

connection at top

Bending Moment (in-kips) Shear Force (kips)
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11.0]

Diam|

Thickness
Corossion outside
Corossion inside
Net Thickness
Area; Ag

Slenderness
Ratio
D/t

Pe|

Poj

Poe|

Pe / Poj
Pe / Poe|
Pn

Pne|

@c factor|
ac factor
Pri

Pre

D/t

D/t|

Z|

Mn

of factor|
Mr|

Mre|

Vp,

Vr|

PROJECT: [1-405 R2B Final Design - BR 28W (112th Ave) JOBNO.: A207833
SUBJECT: [Pile Structural Checks | | Sheet:| 2|
BY:| RSGR | | | DATE: 8/29/2021
CHECK:| MEDN | | | DATE: 812912021
Lateral Pile Check using L- Pile 0.625" THK. |
Outside Diameter after corossion =
24.0 |in Inside Diameter after corossion = | 22.750in
0.625 _|in
0.075 _|in Corrosion Rate 0.001 from Table 1: WSDOT Memo WSDOT BDM 6.7; Used 0.0015 rate for first 15ft|
0.000 |in No Inside corossion required
0.5500 _|in
403 |in2 gross area after corossion
229.2 |in3 Elastic Modulus; corroded section
2733.6 |in4 Moment of Interia; corroded section
29000.0 |ksi Youngs Modulus
50.0 |ksi ASTM A252 Grade 3 Pipe
55.0 |ksi
8.2 |radius of gyration
1.0 Effective Length Factor
583 <120 considered for 14ft for unsupported length + 26ft depth to fixity
not-slender D E ratio for 40ft long length AASHTO LFRD 6.9.3
43.4 < ok —<0.11-= Local Buckling Check AASHTO LFRD Table 6.9.4.2.1-1
3396 |kips ! £, Pe = Critical buckling load for a 40ft length AASHTO LFRD Eq 6.9.4.1.2-1
2013 |kips Max Axial Load based on Cross section AASHTO LFRD equation 6.9.4.1.2-1
2214 |kips EXT Case
1.7 M 5
1.5 1520440 P = P0.658"
1571 |kips AASHTO LFRD Equation 6.9.4.1.1-1
1685 |kips EXT Case
1.0 EXT Case
0.7 STR Case
1099 |kips STRCase |, For members subjected to clastic forces: Factored Axial Resistance AASHTO LFRD Equation 6.9.2.1-1
1180 |kips EXT Case Dognk
43.4 < ¢ B hence, plastic moment will yield pile
434 < 2. Formembers subested t lasic fores: M= M,=FZ,
2<0.15— ) °
298.6 |in3 ¢ B
14932.2|Kips-in Nominal Moment resistance
0.9 (0.9 used for STR case) Flexural resistance factor
13439.0 |Kips-in STR Case Factored Moment Resistance for steel casing only;
16425.5 |Kips-in EXT Case used to check the pile at 30ft length
1207.8|kips WSDOT 7.10.2-15 (considered steel casing only)
1026.6 |kips (0.85) Factored Shear Resistance AASHTO LFRD Eq 6.10.3.3-1
18888__|kips-in use for STR case For first 25ft of pile Moment resistance using RCFST composite section (nominal material properties) #9 rebars
23524 |kips-in use for EXT case For first 25ft of pile Moment resistance using RCFST composite section (expected material properties) #9 rebars
21283 |kips-in use for STR case For first 25ft of pile Moment resistance using RCFST composite section (nominal material properties) #11 rebars
26534 |kips-in use for EXT case For first 25ft of pile Moment resistance using RCFST composite section (expected material properties) #11 rebars
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PROJECT: [1-405 R2B Final Design - BR 28W (112th Ave) JOBNO.: A207833
SUBJECT: [Pile Structural Checks | | Sheet:| 2|
BY:| RSGR | | | DATE: 9/13/2021
CHECK:| MEDN | | | DATE: 9/13/2021
Abutment 1 Results: Case 1: EQ (Case 5
NOTES:
Location 1: 0-10
Pu 351]kips Factored Axial Load in Top 20ft
Pu / Pre 0.30 >0.2
Mux 1212|kips-in Long L-Pile Analysis
Muy 11400|kips-in Trans L-Pile Analysis
b/c 72%] ok 80( M, L PR AASHTO LFRD Equation 6.9.2.2.1-2
90\ M, M,
Location 2: 10-15ft
Pu 351]kips Factored Axial Load in Top 20ft
Pu / Pre 0.30 >0.2
Mux 10200]kips-in Long L-Pile Analysis
Muy 1900|kips-in Trans L-Pile Analysis
p P M, :
b/c 70%] ok If Loy Zo w |<]0  AASHTO LFRD Equation 6.9.2.2.1-2
P P 90( M, M,
351]kips Factored Axial Load in Top 20ft
Pu / Pre 0.30 >0.2
Mux 14000|kips-in Long L-Pile Analysis
Muy 4400|kips-in Trans L-Pile Analysis
b/c 91%] ok + M, |, 1.0 AASHTO LFRD Equation 6.9.2.2.1-2
» -
Location 3: 30ft (Check using bare steel section only)
Pu 577|kips Factored DL + DD
Pu / Pre 0.49 >0.2
Mux 300 kips-in Long L-Pile Analysis
Muy 2500| kips-in Trans L-Pile Analysis
p P M, :
b/c 64%] ok If Psgy: iy 4—w |21  AASHTO LFRD Equation 6.9.2.2.1-2
P P M)
Hence, reinforcement can be terminated at 30ft
577|kips Factored DL + DD
(Pu) / (Poe*0.5) 0.52 >0.2
Mux 0|kips-in
Muy 0|kips-in
b/c 52%] ok Check for axial load only: Axial capacity = 0.5 x Fye x Ag; Fye = 1.1 x 50ksi
577|kips Factored DL + DD
(Pu) / (Poe*0.7) 0|kips
Mux 0.52 >0.2
Muy 0|kips-in
0|kips-in
b/c 52%] ok Check for axial load only: Axial capacity = 0.5 x Fye x Ag; Fye = 1.1 x 50ksi
Abutment 1 Results: STR Case
NOTES:
441]kips Factored Axial Load in Top 20ft
Pu / Pr 0.40 >0.2
Mux 1236| kips-in Long L-Pile Analysis
Muy 500 kips-in Trans L-Pile Analysis
b/c 47%)|ok If A LA <]  AASHTO LFRD Equation 6.9.2.2.1-2
p = P -
Location 2
Pu 441]kips Factored Axial Load in Top 20ft
Pu / Pr 0.40 >0.2
Mux 5500 kips-in Long L-Pile Analysis
Muy 1000]kips-in Trans L-Pile Analysis
p P M, :
b/c 67%] ok If Psgy: iy 4—w |21  AASHTO LFRD Equation 6.9.2.2.1-2
P P M)
441]kips Factored Axial Load in Top 20ft
Pu / Pr 0.40 >0.2
Mux 5500 Long L-Pile Analysis
Muy 400 Trans L-Pile Analysis
p P M, :
b/c 65%] ok If Psgy: —w 4—w |21  AASHTO LFRD Equation 6.9.2.2.1-2
R M, "
666]kips Factored DL+DD
(Pu) / (P0*0.7) 0.47 >0.2
Mux 0|kips-in
Muy 0|kips-in
b/c 47%)|ok Check for axial load only: Axial capacity = 0.5 x Fy x Ag
Location 5: 60ft
Pu 666]kips Factored DL+DD
(Pu) / (P0*0.7) 0.47 >0.2
Mux 0|kips-in
Muy 0|kips-in
D/C 47%|ok Check for axial load only: Axial capacity = 0.5 x Fy x Ag
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PROJECT: [1-405 R2B Final Design - BR 28W (112th Ave) JOBNO.: A207833
SUBJECT: [Pile Structural Checks | | Sheet:| 2|
BY:| RSGR | | | DATE: 9/13/2021
CHECK:| MEDN | | | DATE: 9/13/2021
Abutment 2 Results: Case 1: EQ (Max of Case 5 and 6
NOTES:
Location 1: 0-10
Pu 370]kips Factored Axial Load in Top 20ft
Pu / Pre 0.31 >0.2
Mux 2000| kips-in Long L-Pile Analysis (30%L)
Muy 6000| kips-in Trans L-Pile Analysis (100%T)
b/c 62%] ok If Logy: 2o <] AASHTO LFRD Equation 6.9.2.2.1-2
[
Location 2: 10-15ft
Pu 370]kips Factored Axial Load in Top 20ft
Pu / Pre 0.31 >0.2
Mux 4200|kips-in Long L-Pile Analysis (30%L)
Muy 1800|kips-in Trans L-Pile Analysis (100%T)
> y
b/C 54%)| ok If Pyoy: o, BO[M, M, <10  AASHTO LFRD Equation 6.9.2.2.1-2
P P 90( M, M,
370]kips Factored Axial Load in Top 20ft
Pu / Pre 0.31 >0.2
Mux 4200|kips-in Long L-Pile Analysis (30%L)
Muy 4200|kips-in Trans L-Pile Analysis (100%T)
b/c 63%] ok + M, |, 1.0 AASHTO LFRD Equation 6.9.2.2.1-2
» -
Location 3: 30ft ( Check using steel section only)
Pu 616]kips Factored DL + DD
Pu / Pre 0.52 >0.2
Mux 0|kips-in Long L-Pile Analysis (30%L)
Muy 2000| kips-in Trans L-Pile Analysis (100%T)
p P M, :
b/c 63%] ok If Psgy: iy 4—w |21  AASHTO LFRD Equation 6.9.2.2.1-2
P P M)
Hence, reinforcement can be terminated at 30ft
616]kips Factored DL + DD
(Pu) / (Poe*0.5) 0.56 >0.2
Mux 0|kips-in
Muy 0|kips-in
b/c 56%] ok Check for axial load only: Axial capacity = 0.5 x Fye x Ag; Fye = 1.1 x 50ksi
616]kips Factored DL + DD
(Pu) / (Poe*0.5) 0|kips
Mux 0.56 >0.2
Muy 0|kips-in
0|kips-in
b/c 56%] ok Check for axial load only: Axial capacity = 0.5 x Fye x Ag; Fye = 1.1 x 50ksi
Abutment 2 Results: STR Case
NOTES:
509]kips Factored Axial Load in Top 20ft
Pu / Pr 0.46 >0.2
Mux 2500 kips-in Long L-Pile Analysis
Muy 0|kips-in Trans L-Pile Analysis
b/c 58%] ok If A LA <]  AASHTO LFRD Equation 6.9.2.2.1-2
P° P B
Location 2
Pu 509]kips Factored Axial Load in Top 20ft
Pu / Pr 0.46 >0.2
Mux 3200 L-Pile Analysis
Muy 250|kips-in L-Pile Analysis
p P M, :
b/c 63%] ok If Psgy: iy 4—w |21  AASHTO LFRD Equation 6.9.2.2.1-2
P P M)
509]kips Factored Axial Load in Top 20ft
Pu / Pr 0.46 >0.2
Mux 3500 ki L-Pile Analysis
Muy 200, L-Pile Analysis
p P M, :
b/c 64%] ok If Psgy: —w 4—w |21  AASHTO LFRD Equation 6.9.2.2.1-2
R M, "
743|kips Factored DL+DD
(Pu) / (P0*0.7) 0.47 >0.2
Mux 0|kips-in
Muy 0|kips-in
b/c 47%)|ok Check for axial load only: Axial capacity = 0.5 x Fy x Ag
Location 5: 60ft
Pu 743|kips Factored DL+DD
(Pu) / (P0*0.7) 0.47 >0.2
Mux 0|kips-in
Muy 0|kips-in
D/C 47%|ok Check for axial load only: Axial capacity = 0.5 x Fy x Ag
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PROJECT: [1-405 R2B Final Design - BR 28W (112th Ave) JOB NO.: A207833
SUBJECT: |Pile design check for jacking base
BY:| RSGR DATE: 9/13/2021
Check:| MEDN | | DATE: 9/13/2021
Max Girder Load DL 210  |kips Jack Load = 420 kips
2 xDL= 420 kips P
eccentricity = 16
Pile Cap weight per pile= 59 kips 4
Jacking Load per pile, P=[ 420 _|kips Jacking Moment = 6720kip-in (Induced on top of pile)
eccentricity , e= 16 in

Eccentric Moment, M(jacking)=

[6720 Jkips-in =420k x 16"

Active Lateral earth pressure from soil

earth load factor=
factored earth load, LEP=
Moment, M(LEP)=

1.5
17 kips =11x1.5
495 kips-in =2.5ft of moment arm

Total moment= 7215  |kips-in

479  \Vertical DL Factored
Moment = 7215 k-in
17
LONG: LEP
Longitudnal

Factored Axial Resistance, Pr= 1099 |kips

Factored Flexural Resistance, Mr=| 20987 _|kips-in

Output from L-Pile

Pu= 479 kips
Pu / Pr =] 0.424022
Mux = 12100 |kips-in
D/C| 100%

=See L Pile Diagram

=Pu/Pr + Mu/Mr

Other lateral loads include earth pressure of 11 kips x 1.5
and induced moment of 675 kips-in

=composite section with #9 bundles (nominal) in abutment 2 (east)
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Moment diagram for jacking load case

Bending Moment (in-kips)
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Project:
Project #:
Calculation by:

i405 BR28 RC filled pile flexural capacity STR Case
A207833 For #11 bundle
RSGR

COWIL

Diameter of pile
Thickness
Corossion outside
Corossion inside
Net Thickness

Outside Diameter after corrosion
Inside Diameter after corrosion

Area of steel after corrosion

D (averag

BENDING RESISTANCE OF A CIRCULAR COMPOSITE COLUMN

1.0 SECTION PARAMETERS

D= 24 in
t= 0.625 |in
co= 0.1125 [in
ci= 0 in
t,net= 0.5125 [in
Do= 23.775 |in
D= 22.75 |in
Ag, net=| 37.5 |in® ) .
E= 29000 |ksi -< (0.15—
Fy= 50 |ksi ! fr
e)/t, net= 45.4 < 87 No Local buckling

2.0 PLASTIC STRESS DISTRIBUTION MODEL

M— Sy
PR T
h— Sl

Steel wbe Concrete infill 5 0957
Ny = = r il
P =T F al
& Y 4 ) | . fu le—
4 e %o % - e " i |
i W K £ =% W - |
(2" "o\ - 1DA -1
I . [ e L :i'
I=wa— i ; A
| o ) T, e e,
|\ . e/ VX" \ /) . p—s
\ i A1 2 | |
\ * J -3 7 —
% . i Fy
L ."~‘.-.-’ # el F Sl e
S, - In
S i Fa
Iniemal Steel Rehar  Concrele Equili
reinforcicg bar siress slress slress

hrium

condition

P.(y) = (G - '9) % — yc) +0.95f" —46t1, Fy—ty 1y (46, Fyp + (m — 26,)0.95" ) (7.10.2-10)

2_ 2y "
My (y) = (e0i? = y%) =) + 0.95f" + det

Cp = Tpcosfy
1Y
8, = sin™'(=—)
Thm

_ Rl

t, =
b Fe

- 2 .
o Fy + Aty Tymey(Fyp = 095f') (7.4

1
(7.1
(7.1

(7.1

0.2-11)
0.2-12)
0.2-13)

0.2-14)
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Project:
Project #:
Calculation by:

i405 BR28 RC filled pile flexural capacity STR Case
For #11 bundle

A207833
RSGR

COWIL

Assumed Theta
Assumed Theta b

Radius outside

Radius inside

Radius centre of casing
Radius to rebar cage

Neutral Axis

2.1 Assume theta, O

theta=

0.350

0.464

11.631

11.375

11.503

8.811

0.513

0.451

3.943

10.806

21.612

7.879

20.04727

26.58554

deg
deg

8 bundles of #11
=r x sin (theta)
=r x cos (theta)

rb x cos (theta b)

Area of concrete in compression
Concrete strength

Area of steel in compression

Steel strength

Area of steel rebar in compression
Steel strength

Area of steel in tension

Rebar steel strength

Area of rebar in tension

Cc+Cs+C's-Ts-T's=

2.2 Check equilibirum

Acc=
fle=
Asc=
Fy=
A'sc=
fly=
Ast=
f'y=
A'rb=

116.307

5.000

14.556

50.000

11.352

60.000

22.898

60.000

13.608

in?
ksi
in
ksi
in
ksi
in
ksi

3.0 Nominal Flexural Capacity at no axial load

MJJUJ] = (r.‘{_rﬁ - ,f"ll:l _L) * U-"}!;Jr-rf + ff-r.‘l'.'%]'-‘;:. + 'q'tn’:'rhn-:-r-‘.l:(ﬁ;;h - {]-‘}51'",_,)

3

Mn=
Factored=

23648

21283

kips-in
kips-in

nominal
0.9 factor
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Project: i405 BR28 RC filled pile flexural capacity EXT Case
Project #: A207833 For #11 bundle (jO ‘ N; I
Calculation by: RSGR

BENDING RESISTANCE OF A CIRCULAR COMPOSITE COLUMN
Using expected material properties
1.0 SECTION PARAMETERS

Diameter of pile D= 24 in
Thickness t= 0.625 [in
Corossion outside co= 0.1125 [in
Corossion inside ci= 0 in
Net Thickness t,net= 0.5125 [in
Outside Diameter after corrosion Do= 23.775 |in
Inside Diameter after corrosion Di= 22.75 [in
Area of steel after corrosion Ag, net= 37.5 in?
E= 29000 [ksi

Fy= 55 ksi =1.1 x 50 ksi o :

D (average)/t, net= 45.4 < 79.09091 No Local buckling T < ﬂ.lﬁ:

2.0 PLASTIC STRESS DISTRIBUTION MODEL

Stegl wbe Concrete infill £ 0.95(
ot -
:-\J;-" x“*‘._—,\ : fa - — fl
y y ] .
);'/ e ® o \\“ I | b 095, ..
w . e O - ™ e St
,l{ \ = HA T ——p—— 1 L ———
I L] i 1
o ]
1 If d
W . | . p
' - P J——
%, . ° . V4 [ j fiu
s . & - F Y P——
"Ny = - o
e S - r
] F
Internal Steel Rebar  Concree Equil ibrium
reinforcicg bar stres slress slress condition

P (y) = ((f - 6) - yc) + 0.95f" —46tn, Fy—tytyn (46, Fyp + (1 — 26,)095f" ) (7.10.2-10)

3 - 2 .

M,(y) = (.:(:;2 -7 _’T) *0.95f'_+ 4cr"# Fy + 4ty TymCy (Fyp — 0.95f7 ) (7.10.2-11)

Cp = 1pcosl) (7.10.2-12)

8, = sf::"[ﬁ} (7.10.2-13)
ndy

R — (7.10.2-14)
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Project: i405 BR28 RC filled pile flexural capacity EXT Case
Project #: A207833 For #11 bundle (jO ‘ N; I
Calculation by: RSGR

2.1 Assume theta, O

theta=
Assumed Theta O®=| 0.373 |rad 21.35876 |deg
Assumed Theta b Ob=| 0.496 |[rad 28.39105 [deg
Radius outside r =] 11.631 [in
Radius inside r(i) =] 11.375 |Jin
Radius centre of casing rm=| 11.503 |in
Radius to rebar cage rbm =| 8.811 [in
t=| 0.513 |lin
tb=| 0.451 [in 8 bundles of #11
Neutral Axis y=[ 4.190 |in =r x sin (theta)
c=| 10.713 |[in =r x cos (theta)
2c=| 21.426 [in
cb=| 7.751 [in rb x cos (theta b)

2.2 Check equilibirum

Area of concrete in compression Acc=| 111.124 [in?
Concrete strength f'c=| 6.500 |ksi =1.3 x 5ksi
Area of steel in compression Asc=| 14.283 |in?
Steel strength Fy=| 55.000 [ksi =1.1 x 50 ksi

Area of steel rebar in compression A'sc=[ 11.029 |in?
Steel rebar strength f'y=] 68.000 [ksi
Area of steel in tension Ast=| 23.171 |in?

Rebar steel strength f'y=| 68.000 [ksi = 1.13 x 60 ksi
Area of rebar in tension A'rb=| 13.931 [in?

Cc+Cs+C's-Ts-T's= Theta value results in equilibrium

3.0 Nominal Flexural Capacity at no axial load

- - F md g . -}
M,(y) = (r.‘{n2 - %) —{?) #0950+ ft-r.‘t’—ﬁ}. + dtyrymey (Fyp = 0.95f° )

Ll

Mne=|  26534|kips-in
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Project: i405 BR28 RC filled pile flexural capacity STR Case
Project #: A207833 For #9 bundles (D‘ N 7 I
Calculation by: RSGR

BENDING RESISTANCE OF A CIRCULAR COMPOSITE COLUMN

1.0 SECTION PARAMETERS

Diameter of pile D= 24 in
Thickness t= 0.625 [in
Corossion outside co= 0.1125 [in
Corossion inside ci= 0 in
Net Thickness t,net= 0.5125 [in
Outside Diameter after corrosion Do= 23.775 |in
Inside Diameter after corrosion D= 22.75 [in
Area of steel after corrosion Ag, net= 37.5 in? o .
E= 29000 |ksi -<0.15—
Fy= 50 |ksi ‘ Fy
D (average)/t, net= 45.4 < 87 No Local buckling

2.0 PLASTIC STRESS DISTRIBUTION MODEL

Stegl wbe Concrete infill £ 0.95(
ot -
:-\J;-" x“*‘._—,\ : fa - — fl
y y ] .
);'/ e ® o \\“ I | b 095, ..
w . e O - ™ e St
,l{ \ = HA T ——p—— 1 L ———
I L] i 1
o ]
1 If d
W . | . p
' - P J——
%, . ° . V4 [ j fiu
i . & - F Y P——
"Ny = - o
e S - r
] F
Internal Steel Rebar  Concree Equil ibrium
reinforcicg bar stres slress slress condition

P (y) = ((f - 6) - yc) + 0.95f" —46tn, Fy—tytyn (46, Fyp + (1 — 26,)095f" ) (7.10.2-10)

3 - 2 .

M,(y) = (.:(:;2 -7 _’T) *0.95f'_+ 4cr"# Fy + 4ty TymCy (Fyp — 0.95f7 ) (7.10.2-11)

Cp = 1pcosl) (7.10.2-12)

8, = sf::"[ﬁ} (7.10.2-13)
ndy

R — (7.10.2-14)
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Project: i405 BR28 RC filled pile flexural capacity STR Case
Project #: A207833 For #9 bundles (jO‘ N ; I
Calculation by: RSGR

2.1 Assume theta, O

theta=
Assumed Theta O=| 0.364 |rad 20.87662 |deg
Assumed Theta b Ob=| 0.484 |[rad 27.72565 |deg
Radius outside r =] 11.631 [in
Radius inside r(i) =] 11.375 |Jin
Radius centre of casing rm=| 11.503 |in
Radius to rebar cage rbm =| 8.811 [in
t=| 0.513 |lin
tb=| 0.289 |[in 8 bundles of #9
Neutral Axis y=|[ 4.099 |in =r x sin (theta)
c=| 10.748 |[in =r x cos (theta)
2c=| 21.496 [in
cb=| 7.799 [in rb x cos (theta b)

2.2 Check equilibirum

Area of concrete in compression Acc=| 113.019 [in?
Concrete strength f'c=[ 5.000 [ksi

Area of steel in compression Asc=| 14.383 |in?

Steel strength Fy=| 50.000 ([ksi

Area of steel rebar in compression A'sc=| 7.146 |in?
Steel strength f'y=] 60.000 [ksi

Area of steel in tension Ast=| 23.071 |[in?

Rebar steel strength f'y=| 60.000 [ksi

Area of rebar in tension A'rb=| 8.854 [in?

Cc+Cs+C's-Ts-T's=
3.0 Nominal Flexural Capacity at no axial load

- - F md d . -}
M, (y) = (r."[n-2 -y —{?) #0951, + -!I-r.‘t’—ﬁ}. + dtyrymen(Fyp — 0.95f° )

Ll

Mn= 20987|kips-in nominal
Factored= 18888|kips-in 0.9 factor
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Project: i405 BR28 RC filled pile flexural capacity EXT Case

Project #: A207833 For #9 bundles CO ‘ N ; I
Calculation by: RSGR

BENDING RESISTANCE OF A CIRCULAR COMPOSITE COLUMN
Using expected material properties
1.0 SECTION PARAMETERS

Diameter of pile D= 24 in
Thickness t= 0.625 [in
Corossion outside co= 0.1125 [in
Corossion inside ci= 0 in
Net Thickness t,net= 0.5125 [in
Outside Diameter after corrosion Do= 23.775 |in
Inside Diameter after corrosion Di= 22.75 [in
Area of steel after corrosion Ag, net= 37.5 in?
E= 29000 [ksi

Fy= 55 ksi =1.1 x 50 ksi o .

D (average)/t, net= 45.4 < 79.09091 No Local buckling ry < ﬂ.lﬁ;

2.0 PLASTIC STRESS DISTRIBUTION MODEL

Stegl wbe Concrele infill f; 0.95(
e S|
L n?““'-.-.‘ = fa o f— S
- . S, [ Sl PR— LT
f_,;} . LI B | P—
[+ e\ R Sl S SR
[ \
(- L o j
u ] L L % » ol
\ e o 3 P
Lo . / b Ay et
o, . 4 [ d )
A . .“s'/ - f e
"-‘L'..—_—::-""’-: » £l j “W
% -
Imiernal Steel Rebar  Concrete Equil ibrium
reinforcicg bar stress stress shress condition

P) = (G - '5’) it - yc) +0.95f" —46tn, Fy—ty (46, Fyp + (1 — 26,)0.95f" ) (7.10.2-10)

3 m -F
M,(y) = (c{;-ﬁ e rT) #0.95f" + 4cr“?+'!F}. + 4 Tym O (Fyp — 09517 ) (7.10.2-11)
Cp = Tpcosfy (7.10.2-12)
8, = sf::"[ﬁ_} (7.10.2-13)
ndy
ty = m (7.10.2-14)
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Project: i405 BR28 RC filled pile flexural capacity EXT Case
Project #: A207833 For #9 bundles CO‘ N 2 I
Calculation by: RSGR

2.1 Assume theta, O

theta=
Assumed Theta O®=| 0.391 |rad 22.39207 |deg
Assumed Theta b Ob=| 0.521 |[rad 29.82392 [deg
Radius outside r =] 11.631 [in
Radius inside r(i) =] 11.375 |Jin
Radius centre of casing rm=| 11.503 |in
Radius to rebar cage rbm =| 8.811 [in
t=| 0.513 |lin
tb=| 0.289 |[in 8 bundles of #9
Neutral Axis y=| 4.382 |in =r x sin (theta)
c=| 10.636 [in =r X cos (theta)
2c=| 21.272 |in
cb=| 7.644 [in rb x cos (theta b)

2.2 Check equilibirum

Area of concrete in compression Acc=| 107.105 [in®
Concrete strength f'c=| 6.500 |ksi =1.3 x 5ksi
Area of steel in compression Asc=| 14.068 |in?
Steel strength Fy=| 55.000 [ksi =1.1 x 50 ksi

Area of steel rebar in compression A'sc=| 6.906 |[in?
Steel rebar strength f'y=] 68.000 [ksi
Area of steel in tension Ast=| 23.386 |[in?

Rebar steel strength f'y=| 68.000 [ksi = 1.13 x 60 ksi
Area of rebar in tension A'rb=[ 9.094 |in?

Cc+Cs+C's-Ts-T's= Theta value results in equilibrium

3.0 Nominal Flexural Capacity at no axial load

- - F md g . -}
M,(y) = (r.‘{n2 - %) —{?) #0950+ ft-r.‘t’—ﬁ}. + dtyrymey (Fyp = 0.95f° )

Ll

Mne= kips-in
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Check pile top connection at Abutment 1 (West)

1. Longitudinal Moment

0
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=)
S
3

0 100¢ 2000

3000

From 30% Long. case = 101 k-ft

Bending Moment (in-kips)

4000 5000 6000 7000
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1E04
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e N
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/

2. Transverse Moment

10

\\\\\\\\\\;O

=1E04

From 100% Trans. case = 950 k-ft

-8000

-6000

Bending Moment (in-Kips)

-4000 -2000 0

‘\} \;\K

>

2000

4000

1.1E04

CHECK PILE TOP CONNECTION

Geometric Properties
Gross Conc. Trans (n=6.87)

Area (in2) 401.8 548.3
Inertia (in%) 12852.2 18299.1

¥y (in) 1.4 11.4

Yp (in) 1.4 1.4

Sy (in%) 1129.9 1609.7

Sp (in%) 1129.9 1607.8

Crack Spacing
2xdist+0.1dp/p

Loading (N,M,V + dN.dM.dV)

-220.0,0.0,00 + 0.0,1.0,0.0

16 - #11

All dimensions in inches

Clear cover to reinforcement = 2.02 in

[

S

N

sl

\\\\

L
”MA

DEMAND = sqrt (950% + 1012) = 955 k-ft

CAPACITY = 985 k-ft

D/IC =97%

Concrete Rebar
fc' = 6500 psi fo=—68ksi -
¢ P! Enter Title Here
a=075in f= 68
fi= 0psi y
e =217 ms &, = 100.0 ms 2020/11/13
Cross Section _Longitudinal Strain Shrinkage & Thermal Strain
Nine Graphs top top
No Shear =l 3.79 6.06
Auto Range
bot bot

Control : M-ex

!
|
|
|
!
|
|
|
1

|

Control : M-Phi

Crack Diagram

0.005
0.047
0.046
0046

-6491.8

Longitudinal Concrete Stress

top

of 53

bot|

11.4in

Long. Reinforcement Stress

Long. Reinf Stress at Crack

s ——— top
1
—
-68.0 68.0 68.0
] ]
] ]
bot| / bot !
Internal Forces N+M
C: 1024.4 kips M: 985.2 ft-kips
7.07'in \
1 542 T-gasakips | N: -180.0 kips
-




Check pile top connection at Abutment 2 (East)

1. Longitudnal Moment

From EXT Case
30% Long

82k-ft used to design pile
connection at top

Bending Moment (in-kips)

2000 3000 5000
T T

4000
T T T

6000

Check Pile Top for Moment Capacity

Geometric Properties
Gross Conc. Trans (n=6.87)

Area (in2) 401.8 4957
Inertia (in%) 128522 16486.9

vy (in) 1.4 1.4

Yp (in) 114 1.4

8, (in) 1120.9 1450.0

Sy, (in%) 1129.9 1448.8

Crack Spacing
2xdist+0.1dy /P

Loading (N,M.V + dN.dM.dV)

T T '7\"& T T T T T T T
\‘il\\\
N

S

2. Transverse Moment

Transverse moment is checked from L Pile results.
In EXT case, the top moment is

From EXT Case
100% Trans

700k-ft
Bending Moment (in-kips)

000 000

Clear cover to reinforcement = 1.99 in

All dimensions in inches

L—SOOO -6000 -4 -2000 0 20
CW““““‘\N&\\E‘\\\\

Design Moment Demand = sqrt ( 82 >+ 700?%) = 705k-ft

Moment capacity
(Using expected material properties) = 712 k-ft

Hence Capacity 712 k-ft > Demand 705k-ft

Concrete Rebar
f' = 6500 psi fy= 68 ksi N
Enter Title Here
a=0.75in f= 68
fi= 0psi y
&/ =217 ms &= 100.0 ms 2020/11/13

Cross Section ___Longitudinal Strain Shrinkage & Thermal Strain

Nine Graphs top top

No Shear j -3.75 6.09
Auto Range |
4000
T bot bot
Control : M-ex _
712.2 _'; Crack Diagram Long. Reinforcement Stress  Long. Reinf Stress at Crack
et top
———
—
0.006 -68.0 68.0 68.0
0.048 ! )
1 1.7 0.068 ? — ‘
I bot bot
: 0047
- Control : M-Phi .| Longitudinal Concrete Stress Internal Forces N+M
- T top C: 780.3 kips M: 712.2 ft-kips
711in
-5190.0
R . ; N: -237.0 kips
Book E6 Page 37 of 53 < T 543.3 kdps
1 1494.1 bot -
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SHEET_

FILE NO. 9242

1-405

1. ALL MATERIALS AND WORKMANSHIP SHALL BE IN ACCORDANCE WITH THE REQUIREMENTS OF THE WASHINGTON STATE
DEPARTMENT OF TRANSPORTATION "STANDARD SPECIFICATION FOR ROADS, BRIDGES, AND MUNICIPAL CONSTRUCTION',
PLAN REF NO SHEET TITLE ENGLISH UNITS, DATED 2018 AND AMENDED JANUARY 7, 2019.
BG2EW-O1 BRIDGE LAYOUT
2. THIS STRUCTURE HAS BEEN DESIGNED IN ACCORDANCE WITH THE REQUIREMENTS OF THE "AASHTO LRFD BRIDGE DESIGN
BG28W-02 BRIDGE GENERAL NOTES SPECIFICATIONS", EIGHTH EDITION 2017. DEAD LOAD INCLUDES ADDITIONAL FUTURE WEARING SURFACE OF 356 FOUNDS PER
BG2oW-05 CONSTRUCTION SEQUENCE SQUARE FOOT ON THE ROADWAY SURFACE AND AN ALLOWANCE OF 110 POUNDS PER LINEAR FOOT FOR THE DUCTILE IRON
- — WATER MAIN PIPE AND ATTACHMENTS. THE BRIDGE TRAFFIC BARRIERS HAVE BEEN DESIGNED IN ACCORDANCE WITH THE
BG28W-04 FOUNDATION LAYOUT REQUIREMENTS FOR TEST LEVEL 4 (TL-4) RAILINGS.
BG2EW-05 PILE DETAILS
- 5. THE SEISMIC DESIGN OF THIS STRUCTURE HAS BEEN COMPLETED IN ACCORDANCE WITH THE REQUIREMENTS OF THE
0o c
pozew-06 FIER 1 PLAN AND ELEVATION “AASHTO GUIDE SPECIFICATIONS FOR LRFD SEISMIC BRIDGE DESIGN' SECOND EDITION 2011, WITH INTERIMS THROUGH 2015,
BG28W-07 PIER 2 PLAN AND ELEVATION USING SEISMIC DESIGN CATEGORY D, SITE CLASS D, AND THE FOLLOWING ACCELERATION PARAMETERS:
BG2oW-08 FIER DETAILS | OF
BG28W-09 PIER DETAILS 2 OF 3 PARAMETER SAFETY EVALUATION
BG28W-10 FIER DETAILS 5 OF 5 EARTHQUAKE (SEE)
G2 BEARING DETAILS PEAK_GROUND ACCELERATION, FGA 0.430g
FGoew 12 FRAMING FLAN SITE-ADJUSTED FPEAK GROUND ACCELERATION, A 0.5039
G2 TS TYFICAL SECTION 0.2 SEC SPECTRAL ACCELERATION, 5. 0.9795
BG2oW-14 WFS0G GIRDER DETAILS 1 OF 4 1.0 SEC_SPECTRAL ACCELERATION, 5, 0.2634
BG2EW-15 WF50G GIRDER DETAILS 2 OF 4
— FRoC CRDEE DETALS S OF L. THE CONCRETE FILE FLUG SHALL BE CLASS 5000F.
BG28W-16 WF50G GIRDER DETAILS ¢ 4 THE CONCRETE FOR THE BRIDGE DECK SHALL BE CLASS 4000D.
BG2EW-17 WF50G GIRDER DETAILS 4 OF 4 THE CONCRETE IN APPROACH SLABS SHALL BE CLASS 4000A.
FErTE NTERVEDIATE DIAFHEAG DETAILS ALL OTHER CAST-IN-PLACE CONCRETE SHALL BE CLASS 4000
BG26W-19 END DIAPHRAGM DETAILS PIERS 1 AND 2 5. REINFORCING BARS SHALL CONFORM TO ASTM A706 GRADE 60 UNLESS OTHERWISE NOTED.
BG2oW-20 DECK REINFORCING FLAN UNLESS OTHERWISE NOTED, THE MINIMUM LAF SFLICE FOR BLACK REINFORCING BARS SHALL BE:
BG2EW-21 DECK REINFORCING DETAILS 1 OF 2 [ BAR SIZES: [ 74 [ #5 [ #6 | #7 | #& | #9 | #10 | #n |
BG2oW-22 DECK REINFORCING DETAILS 2 OF 2 SPLICE LENGTH (TOF BARS): | 2-0" | 2-7" | 31 | 3-7 | 41 | 47" | 52" | 59" |
BG28W-23 UTILITY HANGER DETAILS
BG2oW-24 SOUTH TRAFFIC BARRIER DETAILS | OF 5 [ spLICE LENGTH (OTHERS): | 2-0" | 2-0" [ 26" [ 2-¢" | 3-2" [ 3-7 | 4-0" | 45" |
BG2oW-25 SOUTH TRAFFIC BARRIER DETAILS 2 OF 5
= - e THE ABOVE SPLICE LENGTHS ARE FOR CLASS B SPLICES WHERE M. =0.4.
bG28W-26 SOUTH TRAFFIC BARRIER DETAILS 3 OF 3 TOP BARS ARE HORIZONTAL BARS PLACED SUCH THAT MORE THAN 12" OF CONCRETE IS CAST BELOW REINFORCEMENT.
BG2EW-27 NORTH PEDESTRIAN BARRIER DETAILS 1 OF 3 CATIONS B
6. THE LOCATIONS OF ALL EXISTING UTILITIES WITHIN THE VICINITY OF THE STRUCTURE SHALL BE VERIFIED BY THE
BG2oW-26 NORTH PEDESTRIAN BARRIER DETAILS 2 OF 3 CONTRACTOR FRIOR TO EXCAVATION K SR e b
BG2EW-29 NORTH PEDESTRIAN BARRIER DETAILS 3 OF 3
~ 7. UNLESS OTHERWISE SHOWN ON THE PLANS, THE CONCRETE COVER MEASURED FROM THE FACE OF THE CONCRETE
- L I L DI )
POZEW-50 UMINAIRE BLISTER DETAILS TO THE FACE OF ANY REINFORCEMENT BAR SHALL BE AS FOLLOWS:
BG2EW-51 NORTH SIGN STRUCTURE BLISTER DETAILS 204" TOF OF BRIDGE DECK
BG28W SOUTH SIGN STRUCTURE BLISTER DETAILS 1" BOTTOM OF BRIDGE DECK
5" CAST AGAINST EARTH
BG2oW-35 BRIDGE APPROACH SLAB DETAILS 1 OF 5 o ALL OTHER LOCATIONS.
BGZEW-34 BRIDGE APPROACH SLAB DETAILS 2 OF 3
. UL | N £55 UCTU
FErEn SRIDGE AFFROACH SLAB DETAIS 5 0F 5 8. FALSEWORK SHALL BE CAREFULLY RELEASED TO FREVENT IMPACT OR UNDUE STRESS IN STRUCTURE
BG2EW-56 PEDESTRIAN FENCING DETAILS 1 OF 2 9. THE BACKFILL BEHIND THE ABUTMENTS MAY BE PLACED FRIOR TO FLACEMENT OF THE SUPERSTRUCTURE, IN ACCORDANCE
P FEDESTRIAN FENCING DETAILE 2 OF 2 WITH STANDARD SPECIFICATION 2-09.3(1)E. BACKFILL AT THE FIER ABUTMENTS SHALL BE PLACED IN ACCORDANCE WITH
STANDARD SPECIFICATION 2-03.3(14).
BG2EW-58 BRIDGE RAILING TYPE BF-12 DETAILS 1 OF 2
BG2oW-39 BRIDGE RAILING TYPE BP-12 DETAILS 2 OF 2 10, ALL EXPOSED CONCRETE CORNERS SHALL BE CHAMFERED %", UNLESS NOTED OTHERWISE.
. FOR CONCRETE SLOPE PROTECTION, SEE WSDOT STD PLAN A-30.10.
2. EXISTING BRIDGE SHALL BE REMOVED TO 2'-0" MINIMUM BELOW FINISHED GRADE, AND AS REQUIRED TO ACCOMMODATE

NEW CONSTRUCTION. AS-BUILT PLANS FOR THE EXISTING BRIDGE AND RETAINING WALLS ARE PROVIDED IN APPENDIX N2 OF
THE CONFORMED RFP.

THE BRIDGE IS DESIGNED TO ACCOMMODATE FUTURE BEARING REPLACEMENT WITH THE FOLLOWING ASSUMPTIONS:
- 1 JACK IS PLACED UNDER EACH GIRDER AT EACH FIER, AS SHOWN IN PIER LAYOUT SHEETS.
- EACH JACK HAS A MINIMUM LIFTING CAFPACITY OF 450 KIFS.
- EACH JACK IS CENTERED ON A LOAD DISTRIBUTION PLATE WITH A MINIMUM AREA OF 140 IN2 AND NOT PLACED CLOSER
THAN 2" TO EDGE OF CONCRETE PILE CAPS.

LEGEND

IDENTIFIES SECTION, VIEW, OR DETAIL

TAKEN OR SHOWN ON PLAN REF NO BG28W-05

TAKEN OR SHOWN ON CURRENT SHEET

v
PJF = PREMOLDED JOINT FILLER

EPOXY COATED BAR

HOLD FPOINTS:

CONTRACTOR SHALL FOLLOW THE HOLD POINT PROCESS AS ESTABLISHED IN
SECTION 2.28.5.4 OF THE CONFORMED RFP DOCUMENTS. MINIMUM HOLD

POINTS FOR THIS BRIDGE ARE AS FOLLOWS:

- AFTER COMPLETION OF BRIDGE EXCAVATION AND EXISTING WALL
DEMOLITION AND BEFORE THE START OF PILE DRIVING OPERATIONS.

AFTER COMPLETION OF FIRST PILING DRIVEN FOR EACH ABUTMENT,

INCLUDING TEST PILES

AFTER INSTALLATION OF WALL 09.17L TO BOTTOM OF PILE CAP

- AFTER INSTALLATION OF GROUT FADS PRIOR TO SETTING BEARINGS

- AFTER GIRDER AND DIAPHRAGM PLACEMENT

- BEFORE CONCRETE PLACEMENT OF PILE PLUGS, PIER CAPS, DIAPHRAGMS,
BRIDGE DECK, APPROACH SLABS, TRAFFIC BARRIERS, AND CURTAIN WALLS

(WITH FORMWORK, INSERTS, AND REINFORCEMENT IN PLACE).

c:\users\mkal\documents\projectwise\work ingdir\wsdot\dms13258\XL5467 _02 -DE _BG_BR28W-GenNotes.dgn

T

Design Mgr: STEVE WOODRUFF RELEASE FOR CONSTRUCTION RECORD | SsTATE FED. AID. PROJ.NO. | *W™ | 4f
Designed By: M. BAUGHMAN

Checked By M. DASTFAN o

Detailed By: K. BUNGER JOB NUMBER

Current Revision By: XL5467

Date: 471472021 RELEASE FOR CONSTRUCTION oaroz021] o

Time: 3:54:04 PM DESCRIPTION DATE |NO

Washington State
'7’ Department of Transportation

e 38 of 53

FLATIRON LaNE 77

1-405; RENTON TO BELLEVUE WIDENING

PLAN REF.NO.

G28W-0!

AND EXPRESS TOLL LANES PROJECT

112TH AVENUE SE OVER SB 1-405

DATE DATE
EOR.1 STAWP BOX EOR.2 STAWP BOX

wood. COWI

BRIDGE GENERAL NOTES

SHEET

oF

SHEETS




SHEET.

FILE NO. 9242

1-405

FPIER 2

& PIER 1
w)
3! EXIST. BRIDGE PIER
EXISTING RETAINING o! SEE NOTE 1
WALL FOOTING N
SEE NOTE 1 S EXIST. BRIDGE PIER EXIST. BRIDGE PIER EXIST. CATCH BASIN
EXIST. CATCH BASIN ! SEE NOTE 1 SEE NOTE 1 SEE DRAINAGE PLANS
SEE DRAINAGE PLANS 3
\ 1 EXISTING RETAINING
WALL FOOTING
5 SEE NOTE 1
nl— ©
% R .
- 24" DIA. x 0.625" LTIt
EXIST. STORM DRAIN
EXIST. STORM DRAN [ /KDEWEN FIPE PILE, TYF. o @L 7777777777777777777 - TO BE REMOVED
TO BE REMOVED ————— @1/ 5 WALL 09.20ML-0 noan
=z e
——an—an+—an—an—an—- 3 I | ‘ b
30" DIA. CMP 1 o
SLEEVE, TYP. . % i Y
5 | i )|
0 ; \ b
& \ nor £y
© ! 5 oo K
I ! now ©
= i ‘ 1125E STA 25+45.43 i @;1 77777 N _ N
3 i " 1125E STA 22+32.93 noa@r "
: 17 wowi N
© 1 23+00 B S ¥
| h I Q )
z 112SE LINE N o
. 17) B " N . <
£ ‘ 56204452 TEMPORARY WALL hoa @’1 <
I O
© i PROFOSED STORM w H2SE STA 22472.46 DURING CONSTRUCTION . S
POSE z ; F ©
% SEWER = 5B405 STA 5791+53.18 Db
| 8 o
-up——up—— " 3 CONNECT UNDERDRAIN FOR 0o a8
,,,,,,,,, @ ® TEMPORARY WALL TO DRAIN—_ 1! |1 1
ql -
-
UNDERDRAIN, TYP. ‘ AN
: N
i
PROPOSED o EXIST. SIGN TO BE REMOVED,

©
EXI

OUTFALL TO BE REMOVED

STING STORM DRAIN

WALL 09.17L

DRAIN PIPE, TYP.

e

FOUNDATION LAYOUT

& PILES CONFLICT WITH EXISTING WALL FOOTING
ACCORDING TO AS-BUILT DRAWINGS.
FPARTIAL DEMOLITION OF THE EXISTING FOOTING

IS REQUIRED.

WALL 09.15ML-0

WITH TEMFPORARY LOCATION
DURING CONSTRUCTION

NOTES:

1. EXIST. BRIDGE FIER AND RETAINI

NG WALLS TO BE

REMOVED TO 2'-0" MIN. BELOW FINISHED GRADE.

2. FOR DRAINAGE DETAILS, SEE PLAN REF. NO. DR-34.

3. FOR RETAINING WALL DETAILS, SEE OTHER PACKAGE.
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SHEET_

FILE NO. 9242

1-405

| SEE SPIRAL PROVIDE 3 CLEAR PATHS FOR ~ ~ ~ DRIVEN PIPE PILE
3 ! I TERMINATION PILE CAP REINFORCEMENT IN )
2 ! | DETAIL, TYP. EACH DIRECTION. SEE PLAN 12" CLR.
T ! ! REF. NO. BG28W-10 FOR
o ! | PILE CAP REINFORCEMENT.
(e}
2| I
: I
o= I CMP SLEEVE OR
2 | WALL 09.17L (PIER 1) OR
¥ ! = TEMPORARY WALL (PIER 2) M, APPROVED EQUIVALENT
5 . | I Y
R . — I o S
« & i = UNDERSIDE OF PILE CAP ELEVATION 5-0 Y 78
PILE CUT OFF w L | = | PIER 1: 131.50' .
,f f - = i PIER 2: 137.96' O #4 SPIRAL \
7 T T ‘<,;//
-/ 1" EXPANDED e T | EXPANDED J——S WALL —=
POLYSTYRENE - POLYSTYRENE
SEE DETAIL 1 M
|1
M~ S
iF ==
5 i —+
=z =
N == © |
&lw =T = i S
Sl I T @ . -
=|$ . | S MIN. 3" CLR. o 4
6|5 o T w ON SIDE OF FPILE SNmmp="
AR |~ © AWAY FROM WALL
w (4 T
3z N I~ =
318 B T ©
SE 2 e 2 8 BUNDLES OF #11 (PIER 1)
Slo N2 = ~ CASING BELOW & BUNDLES OF #9 (PIER 2)
R e
= (X I T
o 5 (I DETAIL /N HECT’ON (AN
Sl .
s [F [t ~
3 T
=z | o~
3 I
< A PILE STEEL MIN. UNFACTORED | FACTORED
\ NUMBER ESTIMATED | MIN. P FACTORED
== PIER oF DIAMETER | THICKNESS i Tr DEMAND | BEARING DEAD DOWNDRAG
I 8 BUNDLES OF #11 L=34"-9" (AT FIER 1), A PILES (/5) fMT/ ELEV. ELEV. (KIFS) “ifFCS‘TY LKO,?Z Fg/“;
K‘ & BUNDLES OF #9 L=34'-9" (AT PIER 2), VAV SV S A M A A A A A A I A A v‘(/\/‘zf\/vwé\/\)\/\/\/@/i/)\/\
! PROJECT 5'-0" ABOVE PILE CUT-OFF. ONE 7 24 66 445 685 230 380
S BAR IN EACH BUNDLE TO BE HEADED 24 %5 510 785 270 410
ey AND THE OTHER TO BE HOOKED AT TOP.
1y
S 1. STEEL PIPE PILES SHALL COMPLY WITH ASTM A709, GRADE 50 (FY=50 KSI), APl 5L X52, ASTM AB88 GRADE 50, ASTM A572
‘ GRADE 50, OR APPROVED EQUAL.
. 24'0 x 0.625" 2. ALL PILES ARE ONLY UNDER COMPRESSION.
30" CMP SLEEVE OR APPROVED — DRIVEN PIPE PILE
EQUIVALENT, PLACED WITH D, 3. "FACTORED DEMAND' 15 COMPRESSIVE DEMAND FROM STRENGTH 1 LOAD COMBINATION AT TOP OF PILE AND DOES NOT INCLUDE
NIMUM 3" CLEAR DISTANCE TO CONCRETE PLUG DOWNDRAG.
BACK OF PILE, SEE SECTION A X3
- 4. "MIN. BEARING CAPACITY" IS THE MINIMUM REQUIRED ULTIMATE CAPACITY ACHIEVED AT THE END OF PILE DRIVING. IT IS
- ESTIMATED TIP ELEVATION CALCULATED BY DIVIDING "FACTORED DEMAND" BY RESISTANCE FACTOR. RESISTANCE FACTOR OF 0.65 HAS BEEN USED FOR
| SEE TABLE CALCULATION OF ULTIMATE PILE CAPACITY AND "ESTIMATED TIP ELEV.", ACCORDING TO "GEOTECHNICAL ENGINEERING REPORT:
T BRIDGE 28",
WELD DIMENSIONS (IN)
S 5. THE USE OF THE 0.65 COMPRESSION RESISTANCE FACTOR REQUIRES DEVELOPMENT OF DRIVING CRITERIA USING DYNAMIC
PILE ELEVATION [BAR S1ZE | 5 [ E i (LENGTH) TESTING AT THE BEGINNING OF THE PRODUCTION PILE DRIVING, QUALITY CONTROL BY DYNAMIC TESTING ON AT LEAST TWO
PIER 1 SHOWN, PIER 2 SIMILAR [sPIRAL]  #4 AEA 6 PILES. GEOTECHNICAL ENGINEER TO DEFINE THE RE-STRIKE CRITERIA, IF NEEDED.
6. IF PILES REACH REFUSAL WITH PILE TIP HIGHER THAN THE SPECIFIED "MIN. PILE TIP ELEVATION', BRIDGE ENGINEER SHALL BE
; . INFORMED TO ASSESS WHETHER PILES ARE ACCEPTABLE.
5 WeAFS ! LENGTH ! #4 SPIRAL BAR
WELDED SPLICE AT OF WELD 7. DOWNDRAG FORCES ON PILES HAVE NOT BEEN CONSIDERED FOR DETERMINING PILE LENGTHS. FACTORED DOWNDRAG FORCE IN
OF SPIRAL END OF SPIRAL COMBINATION WITH FACTORED DEAD LOAD HAS BEEN CONSIDERED FOR STRUCTURAL DESIGN OF PILES.
£ 1
T AL 8. CORROSION RATES OF 0.0015 INCH-PER-YEAR WITHIN CASING, AND 0.001 INCH-PER-YEAR BELOW CASING HAS BEEN CONSIDERED
FOR THE EXTERIOR FACE OF PILES ONLY.
PIRAL BAR S(E)7 L 9. STEEL PILE FABRICATION AND MATERIAL TESTING SHALL CONFORM TO SECTION 6-05.3(5).0FT1.GB6 OF THE GENERAL SPECIAL
VERTICAL BAR PROVISIONS IN APFENDIX B3 OF THE CONFORMED RFP.
10. STEEL PILE SPLICES SHALL CONFORM TO SECTION 6-05.3(6).0PT1.GB6 OF THE GENERAL SPECIAL PROVISIONS IN APPENDIX B3 OF

SPIRAL TERMINATION DETAIL

REQUIRED AT ALL LOCATIONS WHERE SFPIRAL TERMINATES.

WELDED SPIRAL SPLICE DETAIL

WELDING SHALL MEET THE REQUIREMENTS OF STD. SPEC. 6-02.3(24)E.
FOR WELD DIMENSIONS, SEE TABLE. NO WELDING OF SPIRALS 1S
PERMITTED AFTER THE COLUMN CAGE 1S ASSEMBLED. SPIRAL SHALL
BE FIELD OR SHOF WELDED INDEPENDENTLY AND THEN ASSEMBLED
AROUND THE COLUMN LONGITUDINAL STEEL AFTER WELDING.

THE CONFORMED RFP.

CMP SLEEVE SHALL BE 16 GAGE GALVANIZED STEEL DRAIN PIPE WITH 275"x/2" CORRUGATION IN ACCORDANCE WITH WSDOT
STANDARD SFPECIFICATION 9-05.1 OR APPROVED EQUIVALENT. CMP SLEEVE SHALL BE SECURED THROUGHOUT CONSTRUCTION TO
MAINTAIN REQUIRED CLEARANCE TO PIPE FILES.
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1-405

51-24"
20'-54" 1125E LINE 309"
5-4%" 2 SPA. @ 8'-0" = 16'-0" ) 3 SPA. @ 8'-7" = 25'-9" A
[
& GIRDER F & GIRDER E ¢ GIRDER D ¢ GIRDER C ¢ GIRDER B % GIRDER A
i ; ; ¢ FIN WALL ;
BEARING GROUT FAD, . . . H .
TYP. SEE NOTE 3 ! ! ! !
‘! “ FIN WALL —
%" PUF i i
CURTAIN ! !
WALL, TYP. N
v \
w 1
T N .
[ L -1 <
*
! )
2" PJF ) !
-2k ! ! !
TYP. I i 2" PUF
i i
N ! ! WALL 09.17L
TRANSVERSE . "
GIRDER STOP, TYP. SEE TABLE

(B
v & 112SE LINE

ASSUMED 'JACK LOCATION'
FOR BEARING REFLACEMENT,
TYP AT ALL GIRDERS

NOTES:

1. FRONT SURFACE OF CONCRETE PILE CAP, GIRDER STOPS AND
EXTERIOR FACE OF CURTAIN WALL SHALL RECEIVE "MT. ST.
HELENS" PIGMENTED SEALER TO 1 FOOT BELOW FINISHED
GRADE.

2. THE LENGTH OF TRANSVERSE GIRDER STOFS ARE NOMINAL.
REFER TO PLAN REF. NO. BG28W-11 FOR DETAILS.

3. FOR DETAILS OF GROUT PAD RECESS, REFER TO FPLAN REF.
NO. BG28W-11.

4. FOR DETAILS OF WALL 09.17L, SEE OTHER FACKAGE.

TOF OF GROUT FAD|ELEVATION| ANGLE
GIRDER A 137.70 90°00'00
GIRDER B 137.87 90°00'00"
GIRDER C 138.04 90°00'00'
GIRDER D 138.22 90°00'00"
GIRDER E 138.09 88°48'43"
GIRDER F 137.93 87°37'29"
GIRDER STOFP BEARING FPIER 1
(BEYOND) GROUT PAD

TRANSVERSE ?
1
|
t
T
|
|
|
L

I
& GIRDER F ¢ GIRDER E | ﬂ ¢ GIRDER C ¢ GIRDER B € GIRDER A
TRANSVERSE i i i ; ' :
GIRDER STOP, TYF. I I | 10/ i i i
! ! . 7 -#11 TOP I i oY
BEARING GROUT : : ! ! 1-2%
PAD. Ty i i 4oy | € CIRDER D !'| HEADED AT  AiDETAIL 1, TYP. | Mo
R \ i o Tve] i RO, EL 136.111 | BOTH ENDS / |SEE PLAN REF. | :
L TYR i ' NO. BG28W-10 : CURTAIN GRAVEL
! BTWN GIR D-F, 5-5%" ! ! WALL TYP. BACKFILL FALL PROTECTION,
DETAIL 2 (TYP.) I SEENOTE 21 | oM. TYF | CONSTRUCTION | | ’ FOR WALL SEE WALL PLANS
SEE PLAN REF. ! i BTWN E/K A—D EJUINT, TYP. ! OPTIONAL i FOR DETAILS
NO. BG28W-10 i Y1 see noTE 2| i i CONSTRUCTION FIN WALL i PILE CAP
EL. 157.70 ‘ I ! i JOINT, TYF. BEYOND i
SPLICE TO PILE L . | EL. 157.50 \ i CONCRETE SLOPE
CAP FACE BARS, == ! T — Y. 5. #6EF I PROTECTION
TYP. BOTH ENDS ——— EVENLY SPA. i
DR S T i 21
T . 4 - #11 EF. EY i -
P =N ! EVENLY SPA. © i ol t WALL COPING
BOT. OF FILE ! aj=
CAP LEVEL %" PJF. TYP. !
EL. 13150 O T TR
ol o ol >N o U U WALL 09.17L, TYP. FILL GAP BETWEEN OV IRIRIRIRINIR ! A RO R IR
CASING, TYP. PO PNIN? S OO NP OO PO ! ! WALL 09.17L
FIN WALL AND i /
STEEL PIPE - A OPTIONAL DIAPHRAGM WITH 50 I 9
PILES, TYP. 7 - #11 BOT. CONSTRUCTION FUF OR EXPANDED N I 32
HEADED AT #5 TIE PATTERN #5 TIE PATTERN JOINT, TYP. POLYSTYRENE ! ivd
BOTH ENDS AWAY FROM FILES, TYF. AT PILES, TYP. ! 2R
W | 5
SET OF #5 @{6")(OMIT AT PILES) u ‘“§ =
w
1 )]
SET OF #5 @ 6"JAWAY FROM PILES (3 SETS @ EA. FILE, TYP.) [ l 4-0"
PILE CAP ELEVATION SECTION (AN
(LOOKING WEST) -/
DIMENSIONS AND ELEVATIONS ARE GIVEN ALONG € PIER. FOR REINFORCEMENT DETAILS,
FIN WALL, GIRDER STOP AND CURTAIN WALL REINFORCEMENT SEE PLAN REF. NO. BG28W-10
NOT SHOWN, SEE PLAN REF. NO. BG28W-08 AND BG28W-10
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FILE NO. 9242

1-405

95"

54'-9"
¢ 112SE LINE
30'-7" ] 24'-2"
¢ GIRDER A ¢ GIRDER B ¢ GIRDER C ¢ GIRDER D ¢ GIRDER E @’ GIRDER F
| | | ! .
311 3 SPA. AT 8'-7" = 25'-9" : 2 5PA. AT 104" = 20'-8" | 45"
i i i ‘}
BEARING GROUT i i TRANSVERSE |

GIRDER STOP, TYP.

PAD, TYP. | i Y
N SEE NOTE 4 : i :
« i i i
i N w—
g T3 i
R . -
<
2" PUF
ol
]~
CURTAIN ! ; i i o WALL
WALL, TYP ! SEE TABLE, TYP 09.15ML-0
2" PUF ASSUMED JACK LOCATION TYP.
FOR BEARING REPLACEMENT TEMPORARY WALL
gé?ow 5 TYP. AT ALL GIRDERS DURING CONSTRUCTION
PLAN
TYP. SEE DETAIL,
GIRDER A € GIRDER C ¢ & GIRDER E € GIRDER F
| | |
i ! ! i
ANSVERSE
TRANSVERSE i Le ! Ix -
GIRDER STOP, TYF. i i : i GIRDER STOF, TYF.
N ! i
BEARING GROUT : i Nom Tyr : CONSTRUCTION
PAD, TYP (B [ 0| BTWN. GIR.D-F| JOINT, TYP.
DETAIL 2 (TYP.) 1-5%g" NOM. TYP. BTWN. g2 O/ || sEENoTE S i ! ot
. L ! ,
oEe FLAN REF. NOM ggifﬁ;\f 1 CROWN, 1 7 - #11 T0P, HEADED OPTIONAL
NO. BG28W-10 i g ! EL 14457 AT BOTH ENDS CONSTRUCTION
i i ) | JOINT, TYP.
EL. 143.96 ] i ] i ﬁﬁ i EL. 144.09
SPLICE TO PILE e e e S e e
CAP FACE BARS, : w
TYP. BOTH ENDS ——a] 8, o
el & - — e
oY - p— PN
N0 . p— g
BOT. OF FILE 3 ! ! ! ! [ BOTTOM OF
CAF LEVEL ‘ ! I I i I I COPING LEVEL
EL. 137.96 i i i i i i EL. 141.00
st <0 5 <0 Sg 0
CASING, TYP.
7 - #11 BOT.
STEEL PIPE HEADED AT
PILES, TYP. BOTH ENDS

#5 TIE PATTERN

#5 TIE PATTERN

AT PILES (TYP.)

AWAY FROM PILES (TYP.)

SET OF #5 @ &', TYP. (OMIT AT FILES) u

SET OF #5 @ 8" AWAY FROM FILES (5 SETS @ EA. FILE,

TYP.) { }

!

PILE CAP ELEVATION

(LOOKING EAST)
DIMENSIONS AND ELEVATIONS ARE GIVEN ALONG € PIER
GIRDER STOF AND CURTAINWALL REINFORCEMENT NOT
SHOWN, SEE PLAN REF. NO. BG28W-09 AND BG28W-10

NOTES:

1

FRONT SURFACE OF CONCRETE FILE CAP AND GIRDER STOFPS

SHALL RECEIVE "MT. ST. HELENS" PIGMENTED SEALER TO 1
FOOT BELOW FINISHED GRADE.

WALL COPING SHALL RECEIVE "MT. BAKER" PIGMENT SEALER.

THE LENGTH OF TRANSVERSE GIRDER STOFS ARE NOMINAL.
REFER TO PLAN REF. NO. BG28W-11 FOR DETAILS.

FOR DETAILS OF GROUT FAD RECESS, REFER TO FLAN REF.
NO. BG28W-11.

FOR DETAILS OF WALLS 09.15ML-O AND 09.20ML-0, SEE OTHER
PACKAGE.
TOP OF GROUT FAD |ELEVATION| ANGLE
GIRDER A 144.17 90°00'00"
GIRDER B 144.34 90°00'00"
GIRDER € 144.51 90°00'00"
GIRDER D 144.68 90°00'00"
GIRDER E 144.51 88°48'43
GIRDER F 144.30 87°37'29"
PIER 2

f

2.

2.

4.

5.
BEARING

GROUT FPAD
COFING

jol

s lLow

™

EY RN

CONCRETE SLOPE

PROTECTION

FOR WALL

FPILE CAP

-
T L
A
Pl
TEMPORARY Do -
WALL DURING I A SIS RGO
cowmzucﬂorv\: R //\\<//\/ % NARRNRN
A
' ' Z|a
A
LR
TogR
<|n
= W
4l |
i w0 500
MIN. '

SECTION .
-/

FOR REINFORCEMENT DETAILS,
SEE PLAN REF. NO. BG28W-10

GRAVEL BACKFILL
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August 18, 2021
PS19-20316-0

Brian Bell

Interim Design Manager
Flatiron-Lane Joint VVenture

400 Talbot Road South, Suite 400
Renton, WA 98055

Subject: Bridge 28W — Fin Walls Addendum (BR28, Wall 09.17L, and EMB 2A-7)
WSDOT 1-405: Renton to Bellevue Widening and Express Toll Lanes Project
Renton, Washington

Dear Mr. Bell:

This addendum provides additional geotechnical design recommendations to the “released for use” (RFU) version of
the Geotechnical Engineering Report: Bridge 28 (Hart Crowser, a division of Haley & Aldrich dated March 24,
2020) (submittal number 1169). This document is an addendum to that report.

The addendum includes geotechnical recommendations for the addition of a fin wall attached to the back of the

BR 28W pile cap to resist transverse bridge loading under a seismic event. Note that the analyses presented in this
letter are based on our understanding of the design changes to the “release for construction” (RFC) drawings dated
June 28, 2021, as provided by the project Structural Engineer (Attachment 1) (Flatiron-Lane Joint Venture [FLJV]
Submittal No. 1164). Based on discussions with the contractor and designers, we understand that a notice of design
change (NDC) will be submitted to reflect the change from two fin walls to a single fin wall. A vicinity map, site
plan, and subsurface profile for the west abutment are provided in Figures 1 through 4, respectively. All subsurface
data (boring logs, groundwater measurements, laboratory data, etc.) are provided in appendices of the Bridge 28
report.

Structures Understanding

We understand one cast-in-place (CIP) fin wall (shear key) will be constructed behind the BR 28W-W abutment and
will be constructed at the same time as the pile cap. The wall is currently designed to extend 9.3 feet behind the pile
cap, extend approximately 3.67 feet above the bottom of pile cap, and be 3 feet wide. The fin wall will run parallel
to the turnback portions of Wall 09.17L (bridge approach embankment walls). Therefore, no loading will occur from
the fin wall to the front face of Wall 09.17L (portion of wall located below the bridge abutment), and will only load
the turnback portions of the wall. We understand that one additional bridge pile has been added for the BR 28W-W
abutment, and the piles have been shortened with the additional pile. We understand that preliminarily there are now
7 piles, spaced approximately 8 feet apart.

Soil Parameters

All soil parameters are consistent with those presented in the Bridge 28 report. We have assumed the abutment is
backfilled with Washington State Department of Transportation (WSDOT) Gravel Borrow (9-03.14(1)), with a unit
weight of 135 pounds per cubic foot (pcf) and a friction angle of 38 degrees.

Seismic Design

As detailed in the Bridge 28 report, we have assumed the walls are capable of sufficient movement under the
WSDOT hazard level to allow using ki = 0.5 kno. If walls are not capable of such movement or wall movement is
not desired, ky is provided without reduction (kn = 1.0 kno). Table 1 provides the horizontal acceleration coefficients
that were used to calculate the seismic earth pressure coefficients.
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Table 1: Seismic Horizontal Acceleration Coefficient

FEE 0.140¢9 0.280 ¢
SEE/WSDOT 0.252 ¢ 0.503 g

Lateral Earth Pressure Parameters

For mechanically stabilized earth (MSE) walls under seismic loading, the required external earth pressure diagrams
are provided in Figure 5 per Section 11.10.7 of the American Association of State Highway and Transportation
Officials (AASHTO) load resistance factored design (LRFD) Bridge Design Specifications. Internal stability
pressures shall be calculated according to the Geotechnical Design Manual (GDM) and AASHTO as appropriate for
the design method used. For gravity walls under seismic loading, the required earth pressure diagram is per
AASHTO LRFD Section 11.6.5.1.

For the walls addressed in this report, we assume the walls are capable of sufficient movement under WSDOT
seismic loading to allow for the use of kn = 0.5 kno, Where kg is the seismic horizontal coefficient assuming

zero wall displacement. Table 2 provides horizontal acceleration coefficients that were used to calculate the seismic
earth pressure coefficients.

The lateral earth pressure parameters in Table 2 are for seismic conditions with flat ground behind the wall. Lateral
earth pressure parameters were determined using the Mononobe-Okabe method. An interface friction angle of
two-thirds of the soil internal friction angle (2/3*phi) was used to calculate the earth pressure parameters.

The earth pressure loads and resistances throughout this report do not include load or resistance factors. See
AASHTO LRFD Section 11.5.7 for resistance factors for permanent walls.

Table 2: Fin Wall — Lateral Earth Pressure Coefficients (Flat Backslope and Vertical Wall Face)

Seismic Loading

WSDOT Gravel Borrow for Structural Earth Walls 0.252¢g 0.394 7.000

Fin Wall Resistance

The fin wall lateral resistance will be evaluated for both passive/punching shear resistance and sliding shear
resistance cases. The lower resistance shall be considered the critical case. Based on discussions with the structural
engineer, we understand the lateral pile resistances will be fully mobilized at approximately 1.2 inches of lateral
movement. We discuss each analysis in the following sections. The analyses below use a fin wall size to provide the
capacity required to carry the lateral load between the piles and the fin walls per the structural engineer. The sliding
shear capacity controls, as discussed below, with a required resistance of at least 200 Kips.

Passive/Punching Shear Resistance

The passive pressure wedge for the fin wall shall be consistent with GDM 15-5.2.4 Figure 15-4, which references
Naval Facilities Engineering Command (NAVFAC) DM-7.02. To use the passive resistance as outlined in
NAVFAC DM-7.02, the conditions of “ANCHOR WALL LEFT OF CC” in Figure 15-4 would need to be met.
Based on our understanding of the current design, we do not meet the condition of hl > h2 provided in NAVFAC
DM-7.02. Therefore, the fin wall will be governed by the punching shear resistance, as indicated in the U.S. Army
Corps of Engineers (USACE) EM 1110-2-2504.

As described in USACE, for anchors at large depth (i.e., where hl < h2), the capacity of an anchor may be taken as
the bearing capacity of a footing located at a depth equal to the midweight of the anchor. The bearing capacity of the
footing shall be determined using AASHTO Section 10.6.3.1.2a, where the fin wall has a “bearing capacity” that is
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modified per Section 10.6.3.1.2b for a punching shear failure mechanism. In this scenario, the height of the fin wall
shall be taken as the footing width and the length of the fin wall shall be taken as the footing length. These
resistances include a reduction for the active wedge of the fin wall where the active wedge extends from the bottom
of the fin wall to the final ground surface. This assumes that full passive pressure is mobilized, and that the bridge
piles and fin wall have moved at least 1.4 inches (approximately 0.01H). The structural engineer will need to
validate that the 1.4 inches of movement is realistic under the extreme loading condition. Using a fin wall length of
9.25 feet, the punching shear resistance is approximately 630 Kips.

Sliding Shear Capacity

The sliding shear capacity shall be determined using AASHTO Guide Specifications for LRFD Seismic Bridge
Design Section C6.4.3. Per Section C6.4.3, the sliding shear resistance is fully mobilized at about 0.5 inch or less of
movement. This assumes the bridge piles, fin wall, and curtain walls behind the pile cap have moved about

0.5 inches. Using a fin wall length of 9.25 feet, the sliding shear resistance is approximately 200 kips. Based on our
current understanding of the fin wall dimensions, the sliding shear capacity controls the fin wall lateral resistance.

The zone of influence for the sliding shear capacity (i.e., the length of soil being relied on to achieve the capacity)
fin is 22 feet, measured from the near edge of the fin, as shown in Exhibit A, below. Due to the potential for
settlement below the fin wall, we have not relied on sliding shear capacity below the fin walls for soil-on-fin contact.

MNote: Single fin wall location is
approximate and is for reference only 1ok

54

4

!

WALL 02971

FILE CAF ELEVATION

[LOOKING WEST]

Exhibit A: Zone of influence for the sliding shear capacity
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Fin Wall Conclusions

As described above, the governing loading case is the sliding shear capacity. We estimate that a 9.25-foot-long fin
wall will provide approximately 200 kips of resistance, applied over the area of the fin. This results in an
approximate pressure of 5.6 kips per square foot (ksf), assuming a 3.67-foot by 9.25-foot fin wall. The internal wall
design shall include the fin wall load.

Note that due to this additional load, the MSE wall will not meet the design parameters and assumptions for
preapproved walls per WSDOT GDM Section 15-A-3. Per Section 15-2, if a non-preapproved system is
incorporated, the wall supplier shall completely design the wall prior to construction. Additionally, if a non-
preapproved wall system is used, the wall design shall be submitted to The Bridge and Structures Office and the HQ
Geotechnical Office. The design shall be in accordance with GDM Section 15-C.

MSE Lateral Sliding Resistance and Loading

The MSE sliding resistance for the 09.17L turnback wall was estimated based on AASHTO Figure 10.6.3.4-1 for
footings resting on clay. The sliding resistance was calculated using the overburden stress and frictional resistance of
the MSE wall. Per AASHTO Section 10.6.3.4 the strength is controlled by the lesser of the undrained shear strength
or one-half the vertical effective stress. We included the frictional resistance based on our site-specific soil
properties. The total horizontal force acting on the MSE wall consists of:

e The lateral load from the fin wall under extreme limit state loading (see Fin Wall Resistance and Loading
Section of this report addendum);

e The lateral force due to the seismic active lateral earth pressure, Pa;
e The horizontal inertial force due to seismic loading, P;i; and
e  The traffic surcharge.

The horizontal inertial force imposed on the wall due to seismic loading was calculated using AASHTO Figure
11.10.7.1-1 (a). The minimum MSE reinforcement length, including the thickness of the wall facing, required to
resist the horizontal loading is 21 feet. The extended reinforcement length is only required along the length of the fin
wall. Outside of the fin wall extents, the minimum reinforcement length of 0.7H provides sufficient resistance
against sliding.

MSE Overturning Resistance and Loading

The MSE overturning resistance and loading for the 09.17L turnback wall was estimated based on AASHTO
Section 11.10.5.5 and The Federal Highway Administration (FHWA) NHI-10-024 Equation 4-15. We included the
following loads as part of the overturning and resisting forces:

e Overturning — lateral load from the fin wall under extreme limit state loading (see Fin Wall Resistance and
Loading Section of this report addendum);

e Overturning — lateral force due to the active lateral earth pressure under strength and extreme limit state
loading;

e  Overturning — traffic surcharge under strength and extreme limit state loading; and

¢ Resisting — self-weight of the reinforced section of the MSE wall assuming a reinforced width of 21 feet under
strength and extreme limit state loading.

Based on our current understanding of the loads and dimensions of the MSE wall, the resultant reaction force is
located within the middle two-thirds of the base width, per AASHTO Section 11.6.3.3.

Slope Stability Analyses

Global stability for the 09.17L turnback wall was calculated using the computer program SLIDE version 9.018 by
Rocscience and critical rotational failure mechanisms were searched using both GLE/Morgenstern-Price and
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128 Spencer limit equilibrium methods. Global stability and preliminary compound stability were analyzed for
129 pseudostatic loading conditions only at one representative cross section of the walls. The following conditions are
130  assumed:

131 e Per Section 2.13.4.1.1 of the request for proposal (RFP), a factored live load surcharge of 250 and 125 pounds
132 per square foot (psf) has been applied for static and pseudostatic loading, respectively.

133 e Required factor of safety is 1.3 for static loading (resistance factor of 0.75).

134 e Required factor of safety is 1.1 for pseudostatic loading (resistance factor of 0.9).

135 e Pseudostatic lateral loading assumes the wall is sufficiently flexible to allow use of ky,=0.5 Kho.

136 e Global and compound stability were analyzed using the Spencer and GLE/Morgenstern-Price method.
137 e The compound stability assessment was completed in accordance with Section 15-5.3.4 of the GDM.

138 It is our understanding that a specialty MSE wall designer will complete the internal stability analyses. For global
139  stability runs, the MSE walls were modeled using an infinite strength material that extended back from the wall face
140  0.7H. We assumed an average wall height of 18 feet (16-foot exposed height with 2 feet of embedment) where the
141 fin wall is located. Total wall heights and reinforced widths are presented in Table 3. The fin wall loading was

142 applied at the fin wall face, equal to 5.6 ksf. This assumes a fin wall length of 9.3 feet based on the shear block

143 resistance. The wall designer shall incorporate the 5.6 ksf load into their wall design. Outside of the fin wall extents,
144 the fin wall load shall not be applied to wall 09.17L, and the design is at the discretion of FLJV and their wall

145 designer.

146 For compound stability analyses, the MSE walls were modeled using 21-foot-long reinforcement strips at 2.46 feet
147 vertical spacing. The strip tensile strength was 13.02 Kips per lineal foot (kIf) at 10 percent strip coverage over the
148 width of the MSE wall. The interface angle between the reinforcements and wall backfill was 52 degrees at the top
149  of wall, and decreased linearly to 27 degrees at the bottom reinforcement strip. Reinforcement strength and spacing
150  was provided to us by the wall designer, Reinforced Earth Company (RECo). The reinforcement strip length was
151 controlled by the MSE sliding analysis, as described above. Based on our analysis, the compound stability minimum
152  factor of safety is not significantly affected by the strength of the lower 30 percent of the reinforcement, and appears
153  to be primarily a function of the reinforcement strip length. Per WSDOT GDM Section 15-5.3.4, we reduced the
154 tensile strength in the lower 30 percent of the reinforcement to 0.976 kips and 1.302 kips for static and pseudostatic
155 loading, respectively. The reduced reinforcement strength analyses results maintained a factor of safety greater than
156 the required minimums. See Figures A-5 through A-6 for results.

157 The results of the analysis are summarized in Table 3 and indicate that the overall stability of the wall meets the

158 minimum required factors of safety, including the assumed conditions. We completed slope stability analyses for the
159 static and pseudostatic cases, but have only included the fin wall loading under the pseudostatic case as the fin wall
160 loading is only required under the extreme limit state. As shown in Table 3, all scenarios meet the required

161 minimum factors of safety.

162 Table 3: Global Stability Results — Wall 09.17L

Required Calculated

Total Wall | Reinforced

Anal¥5|s Height Width Minimum Minimum
Section (feet)? (feet) Factor of Factor of
Safety Safety®
09.17L 125 Static A-1 -- 13 3.6
Turnback - 18 )
Global 125 Pseudostatic A-2 0.252 11 15
09.17L 21 Static A-3 -- 13 29
Turnback - 18 )
Compound 21 Pseudostatic A-4 0.252 11 14
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Notes:

a. Total wall height measured from the top of the wall to the base of the wall footing or base of the embedded
portion of the wall.

b. Figures presented in Appendix A.

Based on discussions with the structural designer (COWI), we understand the wall and bridge are capable of
1 to 2 inches of deformation during a seismic event and that such deformation is acceptable; therefore,
kn = 0.5 kno.

d. For global stability, minimum factors of safety were met without considering wave scattering effects. If needed,
wave scattering effects can be incorporated in accordance with The National Cooperative Highway Research
Program (NCHRP) 2011 for compound and internal stability.

e. The presented factor of safety is for the Spencer method.

Vertical Loading on Fin Walls

The vertical load from the soil column above the fin walls shall be incorporated as a permanent dead load for the
bridge. Assume an unfactored soil unit weight of 135 pcf.

Settlement

Downdrag on Fin Wall

As described in Section 3.11.8 of AASHTO, downdrag occurs due to downward movement of the soil relative to the
pile or shaft (or wall). This downward movement creates a drag load on the wall, which induces structural loads on
the bridge pile and induces pile settlement. Assuming the fill around the fin wall settles more than the piles, we
estimated the downdrag load on the fin walls using the methods outlined in FHWA-NHI-010-016. Assuming
downdrag only occurs on three of the fin wall sides (north, south, and west sides), the downdrag load on the fin wall
would be equal to 31 kips. In addition to the downdrag on the fin wall itself, the soil column above the fin wall will
experience a drag load. The soil column drag load is equal to 27 Kkips, for a total downdrag load of 58 kips. Note that
these values are nominal values, and load factors shall be applied in accordance with AASHTO LRFD Table 3.4.1-
2. For the fin wall and soil column, the O’Neill and Reese Method for downdrag will apply.

Settlement Analyses

We previously completed settlement analyses for 09.17L using Settle3 (version 5.007), as detailed in the Bridge 28
report. The bridge loads were incorporated into the Settle3 models using the equivalent footing analysis approach
discussed in detail in Section 7.6.4 of the Bridge 28 report. In our previous settlement analysis, we estimated a
maximum total settlement over the 75-year design life of 1.5 inches and post-construction settlement of 1.0 inch.
This included a 4.60 ksf load for the equivalent footing of the bridge. However, with the shortened piles, the neutral
plane (i.e., the location at which the pile load acts) shifts upward. We originally assumed the neutral plane was
applied at 21 feet below ground surface (bgs). To allow for flexibility for the structural pile design, we performed
our analysis based on the minimum allowable pile tip elevation per the bridge structural plans (see Attachment 1).
With the minimum pile length, the pile load is now applied at 23 feet bgs. Therefore, we have completed

two updated settlement analyses, as described below.

Bridge and Wall Settlement with Fin Wall Load. This analysis is the same as our original analysis as described in
Section 7.6.4 of the geotechnical report, but with an assumed pile tip elevation of 80 feet. Assuming the design
minimum pile length is reached in the event of early refusal, the neutral plane would be located at approximately

23 feet bgs, or an approximate elevation of 99 feet. This analysis assumes that the fill below the fin wall settles more
than the bridge and a gap forms between the top of fill and bottom of fin wall. This would result in the fin wall dead
load and downdrag load being transferred to the pile as the fin wall and pile cap are rigidly connected. We applied
an equivalent footing load of approximately 7.7 ksf, where 6.3 ksf is from the pile load, 0.6 ksf is from the fin load,
including the weight of the soil column above the fin wall, and 0.8 ksf is from the downdrag on the fin wall and soil
column.

Bridge and Wall Settlement with Fin Wall and EMB 2A-7 Loads. This analysis is the same as the analysis
described above but includes the fill load from the 2A-7 embankments to the north and south of wall 09.17L.
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210  The resulting settlement estimates using cone penetrometer test (CPT) based soil properties, shown in Tables 4 and
211 5 below, are still within the allowable settlement limits per Section 2.6.67 of the RFP and Table 15-3 of the GDM.
212 Per the RFP, instrumentation would be required based on settlement results using soil properties from constant rate
213 of strain consolidation (CRSCN) tests presented in Table 5. As discussed in the Bridge 28 design report, we are
214  planning to instrument Wall 09.17L, which will be discussed further in a geotechnical instrumentation plan (GIP).
215 Settlement figures for total settlement at 75 years and post-construction settlement at 75 years are presented in

216 Appendix A (Figures A-7 through A-10). The values presented in Table 4 replace the values presented in Table 27
217 of the Bridge 28 report (FLJV Submittal No. 1169). Figure A-6 (post-construction settlement for CPT properties)
218 replaces Figure FA-2 (Appendix F) of the Bridge 28 report and Figure A-8 (total settlement at 75 years for CPT
219 properties) replaces Figure FA-3 (Appendix F) of the Bridge 28 report. Figure A-9 (post-construction settlement for
220 CRSCN properties) replaces Figure FA-11 (Appendix F) of the Bridge 28 report and Figure A-10 (total settlement at
221 75 years for CRSCN properties) replaces Figure FA-12 (Appendix F) of the Bridge 28 report. Note that, based on
222  discussion with the structural engineer, the vertical forces on the fin walls add to the axial loads on the piles, but
223 they also cause a reduction of flexural demand on the pile.

224 Table 4. MSE Settlement Estimates using CPT Soil Properties
Wall Station | Maximum Settlement at End of Maximum Settlement at 75 Post-Construction
at which Construction? (inch) Years (inch) Settlement® (inch)
Load Case Maximum
Settlement Original Estimate with Original Estimate with Original Estimate with
Occurs Estimate® Fin Wall Estimate® Fin Wall Estimate® Fin Wall
BR 28W-W
+09.17L + 1+60 0.50 0.62 1.50 1.86 1.00 1.24
Fin Wall
BR 28W-W
POOTL T 1460 0.50 0.79 1.50 2.06 1.00 1.27
Emb 2A-7
225 Notes:
226 a. The original estimated settlement values are the estimated values from the Bridge 28 Geotechnical Design
227 Report. That analysis included a lower equivalent footing load (i.e., deeper and fewer piles), no fin load, and no
228 adjacent earthen embankment loads from Embankment 2A-7.
229 Table 5: MSE Settlement Estimates using CRSCN Soil Properties

Wall Station | Maximum Settlement at End of Maximum Settlement at 75 Post-Construction
at which Construction® (inch) Years (inch) Settlement® (inch)
Load Case Maximum

Settlement Original Estimate with Original Estimate with Original Estimate with
Occurs Estimate® Fin Wall Estimate® Fin Wall Estimate® Fin Wall

BR 28W-W
+09.17L + 1+60 1.50 1.60 3.00 3.33 1.50 1.73
Fin Wall
BR 28W-W
J;i(r’]g\'/\ll;'l‘: 1+60 1.50 1.70 3.00 3.53 1.50 1.83
Emb 2A-7
230 Notes:
231 a. The original estimated settlement values are the estimated values from the Bridge 28 Geotechnical Design
232 Report. That analysis included a lower equivalent footing load (i.e., deeper and fewer piles), no fin load, and no
233 adjacent earthen embankment loads from Embankment 2A-7.
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Seismic Active, Gravel Backfill for Walls

Mononobe-Okabe Method (M-O)

Pseudo-static analysis of seismic earth pressure on retaining structures Job Name: job name
Job Number: J-###Ht-##

NOTES:

(1) Refer to Geotechnical Earthquake Engineering by Kramer before using

(2) Refer to Sections 11.5 & 11.6, 11.8.1.1, and Figure 11.11 a (Kramer)

Note: 1/3 to 1/2 peak ground surface accelerations are typically used in M-O equation (see Kramer Sect. 11.8.1.1, p. 494)
kv can be assumed =0 when using M-O method for typ. wall designs (Seed and Whitman ,1970; see Kramer p. 479)

(3) This method does not include a water table.

(4) This method is only recommended as a rough estimate for tiebacks.

(5) Check with hand calculations.

(6) Insert values into yellow areas.

(7) This method assumes a "Yielding" wall condition

(8) Paper: "Seismic Design and Behavior of Gravity Retaining Walls" by Robt. V. Whitman

Conversion from degrees to radians:

IParameters Symbol Value JUnits Degrees Radians Reference
Slope Inclination B — 0.000]radians 0 0.0000 Slope B
Horizontal Acceleration coef/g [ 0.252 1.5H:1V 33.7
Vertical Acceleration coef/g ky 0 1.75H:1V 29.7
Soil Friction Angle ¢ 0.663]radians 38 0.6632 2H:1V 26.6
Soil/Wall Friction Angle o 0.442]radians 25.333 0.4422 2.5H:1V 21.8
Wall Angle (Batter) from Vertical |6 0.000]radians 0 0.0000 3H:1V 18.4
Unit Weight y 135]pcf 3.5H:1V 15.9
Height of Wall H 1]feet 4H:1V 14.0
5H:1V 11.3
10H:1V 5.7
To be calculated Symbol Value B
Coeff. of Active Earth Pressure  |Ka calculated
Active earth pressure resultant Pa calculated
Total Lateral Force Pae calculated H
IDynamic Active Earth Pressure  |Kae calculated
Total thrust acts at this height: h calculated
Critical Failure Surface from Horz.|Oea calculated

Active Earth Pressure Calculations

Active Earth Pressure Coefficient Ka = 0.217 Static Equivalent Active Fluid Unit Weight = 29 pcf
Active thrust static component Pa = 15 pounds/foot

ArcTan(kh/(1-kv))= 1] = 0.2469 radians = 14.1 degrees

Dynamic active earth press. coef. Kae = 0.394 Dynamic Equivalent Active Fluid Unit Weight = 53 pcf
Total Active Thrust Pae = 27 pounds/foot Dynamic Uniform Lateral Surcharge = 12 psfor= 12.0H
Active thrust dynamic component APae = 12 pounds/foot Note: The dynamic portion of the equivalent fluid
Total Active Thrust acts at: h = 0.5 feet unit weight is typically applied as a rectangular
Overturning moment about base Mo = 11 ft-Ib/ft distribution rather than a triangular distribution.
The above calculations C1E 1.85

correspond to a critical C2E 3.23

failure surface angle of Ogp = 0.828 radians = 47 degrees above horizontal

Static conditions produce a critical
failure surface angle of Og = 1.117 radians = 64 degrees above horizontal

Passive Earth Pressure Calculations

Passive Earth Pressure Coefficien Kp = 14.22074 (Coulomb) Static Equivalent Passive Fluid Unit Weight = 1920 pcf
Passive thrust static component Pp = 960 pounds/foot

Dynamic passive earth press. coelKpe = 11.21 Dynamic Equivalent Passive Fluid Unit Weight = 1513 pcf
Total Passive Thrust Ppe = 757 pounds/foot

Passive thrust dynamic componen APpe = -203 pounds/foot

The above calculations C3E 1.85

correspond to a critical C4E 3.23

failure surface angle of Opg = 0.35 radians = 20 degrees above horizontal
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Seismic Passive, Gravel Backfill for Walls

SECTION 11: WALLS, ABUTMENTS, AND PIERS

11-117

14
12
10

14
12
10

(= R S 2 e

N e O

——$=20
=225
—A— =25
——=27.5
—*—¢ =30
—8—=32.5
——¢=35
—=—=37.5
———$=40

Kh =0.252
Phi = 38 deg
c =0 psf

Gamma = 135 pcf
H=4ft

Phi = 37.5, Kpe = 7.00

——=20
——p=22.5
—&— =25
—=—§=27.5
—m—§ =30
—8— =325
—a— =35
— =375
—=—b=40

clyH=0
0 0.2 04 0.6 0.8 1
ki (9)
clvH = 0.05
\\‘\ \\;ﬁ_
0 0.2 0.4 0.6 0.8 1
ki (9)

Figure A11.4-2—Seismic Passive Earth Pressure Coefficient Based on Log Spiral Procedure for ¢/yf = 0 and 0.05 (c = seil
cohesion, y = soil unit weight, and / = height or depth of wall over which the passive resistance acts)

Note: ki = As = kio for wall heights greater than 20.0 ft.
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Fin Wall Shear Resistance

Sliding Shear
Dii i Unit Center Fin
Height of MSE wall ft 18
Width of fin into page ft 9.25
Height from ground surface to top of fin ft 7.67
Height from ground surface to bottom of fin  |ft 11.5
Length of soil in front of fin ft 22
Height of fin ft 3.83
Thickness of fin ft 3
Gamma pcf 135
& Phi deg 38
2 |k - 0217
2 Kae - 0.394
= |kn g 0.252
Ng - -
dq -- --
iq - -
Cwq - -
Ngamma - -
igamma - -
Cwgamma - -
Shear at bottom of soil in front of fin kips 247
Shear at side of soil in front of fin kips 18
[7,] Shear at side of fin kips 3
'5 Active wedge (fin) kips 4
& Active wedge (MSE) kips 33
=L kips 33
o Total shear kips 199
Pressure ksf 5.6
Sum shear kips 199

e Sigle T vl ocaton s
P onco ony

C6.4.3

Lateral capacity of the pile cap should include the
passive pressure mobilized at the face of the cap and the
interface shear resistance developed along each side of the
cap. Procedures used to estimate the passive pressure at the
face of the cap can normally involve static passive pressure
equations and charts given in Section 3 of the AASHTO
LRFD Bridge Design Specifications. Wall friction of two-
thirds of the friction angle should be used in this
determination. The amount of displacement to mobilize the
passive pressure should follow guidance given in Section 10
of the AASHTO LRFD Bridge Design Specifications.

The shear along the side of the cap can be estimated
using the effective pressure at the mid-height of the cap
thickness (c,"), a lateral stress factor (K,) of 0.5, and the
friction angle () of the backfill material (i.e., F, = (o, K,
tan §) Ay, where A, is the surface area for each side of
the cap. Ifa cohesive soil is used for backfill, the undrained
strength of the cohesive soil is used in place of 6’ K, tan ¢.
The amount of displacement to mobilize the shear capacity
along the side of the cap is usually less than 0.5 in. For
many cascs, the contributions of side shear are small and
can be neglected in the capacity estimate.

Methods used to estimate the load-deformation
response of piles are established in Section 10 of the
AASHTO LRFD Bridge Design Specifications and can be
used to develop a stiffness value for the pile group. If
liquefaction is possible, appropriate adjustments should be
made to evaluate stiffness for the liquefied case. This
evaluation involves use of the residual strength of the
liquefied soils. Because of uncertainties in the development
of liquefaction, checks should also be performed for the
nonliquefied case to determine the more critical of the two.
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Punching Shear
Di i Unit Center Fin
Height of MSE wall ft 18.00
Width of fin into page ft 9.25
Height from ground surface to top of fin ft 7.67
Height from ground surface to bottom of fin  |ft 11.5
Length of soil in front of fin ft 22
Height of fin ft 3.83
Thickness of fin ft 3
Gamma pcf 135
& Phi deg 38
2 |k - 0217
2 Kae - 0.394
= |kn g 0.252
Ng - 13.20
dg - 1.00
iq - 1.00
Cwq -- 1.00
Ngamma - 14.50
igamma - 1.00
Cwgamma - 1.00
Phi (shear) deg 27.63
Df ft 7.67
sq -- 1.22
sgamma - 0.83
(%)
- Ngm - 16.06
2 Ngammam - 12.10
= qn ksf 19.76
8 Active wedge (fin) kips 4
Active wedge (MSE) kips 33
PIR kips 33
qn kips 631
Sum gn kips 631
eppesiie o Ve o evfso o 10.6.3.1.2a—Basic Formulation

The nominal bearing resistance shall be estimated
using accepted soil mechanics theories and should be
based on measured soil parameters. The soil parameters
used in the analyses shall be representative of the soil
shear strength under the considered loading and
subsurface conditions.

‘The nominal bearing resistance of spread footings
on cohesionless soils shall be evaluated using effective
stress analyses and drained soil strength parameters.

‘The nominal bearing resistance of spread footings
on cohesive soils shall be evaluated for total stress
analyses and undrained soil strength parameters. In
cases where the cohesive soils may soften and lose
strength with time, the bearing resistance of these soils
shall also be evaluated for permanent loading conditions
using effective stress analyses and drained soil strength
parameters.

For spread footings bearing on compacted soils,
the nominal bearing resistance shall be evaluated using
the more critical of either total or effective  stress
analyses.

Except _as noted below, the nominal bearing
resistance of a soil layer, in ksf. should be taken as

4, =N, +¥D,N,C,, +05y BN,C,
(10.6.3.1.2a-1)
in which:

Ny = N5, (10.6.3.1.2a-2)

o =N,s,d i, (10.6.3.1.2a-3)
N,m=N,sj, (10.63.120-4)
where:
¢ = cohesion, taken as undrained shear
strength (ksf)
N = cohesion term (undrained loading) bearing

capacity _factor s

[Table 10.6.3.1.2a-1](dim)

N, = surcharge (embedment) term (drained or

undrained loading) bearing capacity factor
as specified in[Table 10.6.3.1.2a-1] (dim)

specified  in

10.6.3.1.2b—Considerations for Punching
Shear

If local or punching shear failure is possible, the
nominal bearing resistance shall be estimated using
reduced _shear strength _parameters ¢* and ¢* in
[Bas. 10531 75-T]and [063.1.96:2 [ he reduced shear
parameters may be taken as:
c*=0.67c (10.6.3.1.2b-1)

$r=tan '(0.67tan ¢,) (10.6.3.1.2b-2)

where:

¢* = reduced effective stress soil cohesion for
punching shear (ksf)

§* = reduced cffective stress soil friction angle for

punching shear (degrees)
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1405 R2B

B 28 W Pile Cap Design
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Pile Cap design for B28W

Procedure in the design:

1. Pile cap is designed to provide minimum required reinforcement. The minimum reinforcement is then
checked against maximum demands from either STR or EXT case (EXT governs)

2. Max. flexure and shear demands in pile cap are when the pile top will reach its plastic moment.

3. Shear and torsion demands from Fin Wall have been added to both EXT and STR case.

Total seismic load at abutment 1 = 706 kips

Max. resistance that can be developed by fin wall @1.4" of wall movement is 630 kips (as per geotech
addendum) However, piles can resist upto 70 kips x 7 = 490 kips @ 1.5" of movement.

Assuming that piles can only develop 70% of their maximum resistance which occurs @0.8"
At 0.8" of movement fin walls to develop 360 kips of resistance (0.8"/1.4" x 630 kips).

4. Girders more or less sit directly over the piles and hence, do not exert flexural and shear demands into
pile cap. The biggest shear and flexure demand from girder is in abutment 1 where the girder sits 2' away
from the pile center. See page 12

5. Pile cap has been checked against jacking load demands ( 2 x girder DL) on page 49 to 51.

7 - #11 top

7-#6 each face (evenly spaced)

o~

-

S 3-#5 ties, @1'-0"
MAX.

12" minimum 7 - #11 bot

Bw splice length
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STEP 1: Find out the plastic moment of the pile head.

Using expected material properties

Geometric Properties

Gross Conc. Trans (n=6.87)
Area (in2) 401.8 548.3
Inertia (in%) 12852.2 18299.1
yy (in) 11.4 11.4
Yp (in) 11.4 1.4
Sy (in%) 1129.9 1609.7
Sy, (in) 1129.9 1607.8

Crack Spacing
2 xdist+0.1dp/p

Loading (N.M.V + dN.dM.dV)
-0.0,0.0,0.0 + 0.0,1.0,0.0

Concrete
fe' = 6500 psi fy=
a=0.75in
ftr= 0 psi

80'22.17 ms

8¢ = 100.0 ms

228
O

Clear cover to reinforcement = 2.02 in

16 - #11

All dimensions in inches

Enter Title Here

2020/1113

FOR ABUTMENT 1
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STEP 1: Find out the plastic moment of the pile head.

Using expected material properties

Auto Range

FOR ABUTMENT 1

Cross Section

Crack Diagram

-4.27

Longitudinal Strain

top

7.96

bot

Long. Reinforcement Stress

ton
op

-68.0

1

gs_o

Longitudinal Concrete Stress

-6490.3

bot

Internal Forces

top C: 913.0 kips
|ll} p
7.29in
|
£ 5.00in T-912.9 ki
5 gure
bot -

Moving compression force to edge of casing
Mne =913 x ( 7.29" + 5" + 4.11")/12 = 1248 k-ft
Overstrength Moment = 1747 k-ft

Shrinkage & Thermal Strain

top

bot

Long. Reinf Stress at Crack

top

1

68.0

bot

N+M
M: 935.2 ft-kips

N: -0.1 Kips
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STEP 1: Find out the plastic moment of the pile head.

Using expected material properties

Geometric Properties
Gross Conc. Trans (n=6.87)

Area (in2) 401.8 4957
Inertia (in4) 12852.2 16486.9

yg (in) 11.4 11.4

Yp (in) 11.4 114
S, (in) 1129.9 1450.0
S, (in%) 1129.9 1448 8

Crack Spacing
2 xdist + 0.1 dp, /p

Loading (N.M.V + dN.dM.dV)
152.0,0.0,00 + 00,1.0,00

Concrete Rebar
fc' = 6500 psi fy= 68 ksi
a=0.75in _
fi= 0 psi fy 68
Ec' =217 ms gy = 100.0 ms

22.8

16 -#9

Clear cover to reinforcement = 1.99 in

All dimensions in inches

Enter Title Here

2020/11/13

FOR ABUTMENT 2
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STEP 1: Find out the plastic moment of the pile head.

Using expected material properties

Cross Section Longitudinal Strain Shrinkage & Thermal Strain
top top
-3.74 8.50
bot bot
Crack Diagram Long. Reinforcement Stress Long. Reinf Stress at Crack
- top top
—
— 1
-68.0 68.0 68.0
| ]
] ]
bot ‘ bot
Longitudinal Concrete Stress Internal Forces N+M
783in C: 644.3 Kips
-6498.1 |
£ 4.48in T: 644 3 ki N: -0.0 kips
S o
bot A
FOR ABUTMENT 2 Moving compression force to edge of casing

Mne = 644 x ( 7.83" + 4.48" + 3.57")/12 = 853 k-ft
Overstrength Moment = 1194 k-ft
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STEP 2: DESIGN THE MINIMUM REQ. REINFORCEMENT (TOP AND BOTTOM)

(X)‘W[ PROJECT oy R22 CONT
supeer B2 PILEcAf REINFORCEMEIT oAGE ol
checkeosy  MEDN 10APR 2021 ., cutationsey RSGR .  10APR 2021
fo = kst fy 7 o ks oot Vo
N (concrde o\ﬁ/vvuihj -Fag%rr) = 10
s |
£, = 024 x | x4 = o.48ks) |
Mol ubn s ot yuphvine —rnes Y
\65 = 0.67 @ Cj\ade 6o _d—@e]) ‘:: 45" =
\6| p )\6
SQ 48"X7g'X72" — 41472 WB.
Whivemung REIN FORCEMEN T 1< PRovIDED  FOR W,
oF Bt AM.
; ( - 7
My © crATI NG CAFPALITY = ¥, X 1[& <o
Mer = 069 x 1.6 % 0,48« 42 /),
My, = 1778 k-4, i
Pvoviide ntn. |3 npc- # )) barc . A = 185
! - n " )/ 1
de (efpectina ”{CP”@ i (2 i O RO ek S el
s L
— 64.54" 1
Ap +o ?wwfo; ot e heE of B )
lﬂuﬁgv layer
=31
Q= 7.8 x 60 SRS
0-85X 49 x4
F&\C(’%V&Op ﬁ’@gg'ﬁf"ana = 0.9 < Z-Jf & pr Y/C/g —
[P W =
%p 1z
64.54"
= 0.9x7a8xéox | "z-c?%mf)
[ 2—
Mg = 2215 é'#?‘ ,
2215 Mg > Mee— o 1778
Book E7 Page 7 of 57




STEP 2: DESIGN THE MINIMUM REQ. TRANS REINFORCEMENT

(}OW[ PROJECT CONT

SUBJECT PAGE O2-
- - 2021-SEP-15
checkepsy  MIEDN DATE 2021-SEP-15 caLcuLaTions By RSGR DATE
MiNIMAM  TRANSCVERSE REINFZRCEMENT AHsRTO £.9.2.8
Rt ( VERTICAL
>
A, = o0-0316 ) JPC’ iy DIRECTION D

fy

)/

S TUg e Sljﬁau‘g\f e
by = 4g”  (sechon wridhy)

Av > O oL c-rl

— lleg active b H

Ay = 0-44.2  p-Yo4uf
. Spacenp AATHTD £.7.2.4
vV, =  TOkips /2 o oo = 002 fec
ONnSL. I 045 pud
Henc e S ° 0-& Ay < o4’

= 5.3 » (0.72x66) = 38"
124
= Hence, uie vigax - 24
——~ Provided 6" to 8" spacing for stirrups
which meets the minimum transverse
reinforcement reqgiuirement

Min.

Use 1 leg of #6 at 8"
spacing

or

2 legs of #5 at 8" spacing
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STEP 2: DESIGN THE MINIMUM REQ. SIDE BAR REINFORCEMENT

m PROJECT / 4 9> Zo
828  palecap dotipn

SUBJECT PAGE 0%

2021-SEP-15 - -
checkepsy  MEDN DATE caLcutaTions By RSGR DATE 2021-SEP-15

A ot en ol @%da"v»::"‘

p > o = 28
Ko =0.412 /A 3 ' /\
akF resf o , / D = 66"
¥gpi) - 0133 y o | ‘ — Bridge longitudinal direction
l<cf - Lo
[ p—El |
[—>1 J° } \i/
é/
?DGL o )/9;:4}
!9 LS ¥ M WJ‘
oAt

At bottom of pile cap = 0.64 ksf (refer to book E6 page 14)

under the diaphragm = 0.42 ksf
Height of pressure = 3.9

Force on 6' of cantilever (abutment 1) = 2.1 k/ft Pile
C/L
= [/ o o n P - 6I T
o4 Contrlee v - !éﬁ &
Yo /Y\e~ ;j C{/b\ e o —] l r* o,
o e v prghopnt B i
6'x 6 x 0.5 5
= 2.1k/t x
_ — 40
-8 Lipe- fr X IF - b-fr.

Clecd Ferteor )

Torad tedcrok yngne ot = 0 k-f -

< '\d‘—a e "‘[) OveE e e ke = 2

A= 132

nos. S grelbar

efprectr cre

. = d: ) J
O(,-L;;;)vf'”"&m«' Je - 4e — 3,4/ - 0.625 = O-5 ¥ 0.7) & ¢
OV ey o bt
Loy
\Cgeg " 44"
L= 72
LEiRer e _ 132 x go y
ds EEL = T FS S 03
O'ﬁ'f*/gxb O~ 38 24 X 66"
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STEP 2: DESIGN THE MINIMUM REQ. SIDE BAR REINFORCEMENT

B 28 - /):’c’e ces éééffm\@dm ] L/,

SUBJECT PAGE

cHeckeppy  MIEDN pate_2021-SEP-15 caLcuLaTions BY RSGR pate 2021-SEP-15
$r
Fothoved megistanc = M = .9 x P X fy X( Ae — 4 )
4 L
2
0.9 x 132w 4o s ([ 44 =035 -
)X =/
- y g
My, 2= 259 ip-pft > M, .
40 fe- {4+

Henepe k) Hence, provide minimum side reinforcement is

okay! for abutment 2 without Fin Wall

Check side reinforcement in west pile cap (abutment 1) due to maximum moment in Fin Wall
on pile cap on page E7- 13

L - raxt page
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STEP 2: DESIGN THE MINIMUM HORIZONTAL TIES

wW[ PROJECT CONT

SUBJECT PAGE o
( checkepsy  MIEDN pae_2021-SEP-15 cALcuLATIONs BY RSGR pae 2021-SEP-15
Mir/tranmg  TRANSVERLE RE/NVFIRCEMEWT C LATERAL
) =7 OIRECT tON
A, = 0022 ﬂ/fc’ b, = >
fy' #5
N ,/' d Rk . J £—
Spacy wsed for idowtal feec = &
b, = 72"
y 2 - =23
Av =  O.60F
ﬁﬁ/"%\/é //&7&/C i Y } 2 g —_—_F/
PN .,g/e@g of #5 AVP\’:V- 093 v #5
Flewce Avpr.»'v. > Ay
oheck rmax $/>m,;/7ﬂ AASUTO (2.2 4
- , bl & -
} L S )\,,Q»(f\ % ) n /&’xz( 4 L’&l/ = 70 k|ps
oA e~oct oy
, 70 kips J —
( ho Cshrossy = 10 0.02 4, 70 kips
76" 66" (EXT ,
| ca
i VAN =T 'J[/ = 24 / Se) '

See page 16 of Book E6
el v - 0.8x0.72x48"=27.65"

R EG, St 2 it il

V.

prrilies ana CLEVARE REIN Fo 87 ERER, . - £ 5406F)
Fereto vreol Mp = 259 Ry —y

22 My T 7 2y x40 = 9532 Lcop -7 (Muis the demand from soil pressure
in previous page)
Mcer  © )3”2 > éz)f € 3
"o 2364800
Mer = 1185 = p -# -
M&nae g MR = 259 3 W'”"Zp53'2 ) //2\5;,

et _ OK/

L}
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LOCAL CASE

STEP 3: CHECK MIN. REINFORCEMENT AGAINST DEMANDS

mW]: PROJECT CONT

SUBJECT PAGE

MEDN 2021-SEP-15 RSGR 2021-SEP-15
CHECKED BY DATE CALCULATIONS BY DATE

Prie CAP  FLEXARE DEMAN A -

Casel GURDER  yw ovERHANG . (occd RL v 23w pesh)
5%" roler —————% DL =204 kips
Pier 1 ! 1 (Girder A)

| v
| curtzin voell = DL =25 Kips

PiLlE

—f— — }- 6ft

Moment Priva wall + grivdor = 234x(2)+(25x6) = 620 k-t

[EE———

ﬂ//’ﬁv’)’) Q/l«‘/f 7/: Gov) />w/Q caf ‘/W = 0-)5T x4 X 6\% 6" = 67 k-ft

2
Moriend frova pile goby = 1747 k-t
plows-7 e
Tytal) — e movwont af  _ 620+ 67 + 1747 = 2434 k-ft
- /‘/ B vf N Ny VA
yg re é C. A S DLQ ¥ \// \[/
S5 ple (il
(Ze'\rlf;
M, = 2434 k-t
ExT

Mr = 3080 k-ft for 7nos. of #11 rebar in Pile cap Top

Book E7 Page 12 of 57



STEP 2: DESIGN THE MINIMUM REQ. SIDE BAR REINFORCEMENT

m‘NZ‘[ PROJECT 1405 CONT
B.2g — [+ (e cenfs »;{«i:’v{é};fm

SUBJECT PAGE

MEDN 2021-SEP-15

2021-SEP-15
CHECKED BY DATE CALCULATIONS BY RSGR DATE

Local Check (EXT case) - Load effects of Fin wall to pile cap (for abutment 1 only)

Fin Wall
Max wall resistance 360 kips x 5&/ .
4.625' = 1665k-ft x Plan view

Max M = 1665 k-ft \Z/

< V = 360 kips pile cap
O O O O O O O ]

Cl—o9———72

CJ,\ > del (€

Tle———0«—C2 M
M1 1

V «—

i E
del = effective depth in fin wall = 33.295" #@’ > ; de2

de2 = effect depth in pile cap = 44.4" M1
C=T=M/del=1665/(33.295"/12) = 600 kips M+V =2M1

/

Tension at either face of Pile Cap = (M1/de2)= 1192 / (44.4/12) = 322 kips

1665 + 360*2 = 2M1

M1 =1192 k-ft

Area of rebar required in each face = 322/ (0.9 x 68) = 5.26 in2

Use #11 rebar = 4.65/ 1.56 = 3 nos. needed
4 nos. #11 provided in Pier 1 below Fin Wall Top Level

Book E7 Page 13 of 57



STEP 3: CHECK MIN. REINFORCEMENT AGAINST DEMANDS

Case 2
GLOBAL CASE

Abutment 1

877 k-ft 1747 k-ft
wn - © o / .
=
o0

-1747

a7
2
71-425
31';2@
[ ]
@

MOMENT IN PILE CAP BEAM DUE TO PLASTIC PILE TOP (REVERSIBLE)

Resultant Moment

Moment M3

-2409.3208 Kip-ft
at6.54 ft
/ 2409 k-t

> > > B /\/%7

MAX MOMENT IN PILE CAP WHEN COMBINED WITH BEAM SELF WEIGHT AND SUPERSTRUCTURE DL and 0.5 LL

Book E7 Page 14 of 57



STEP 3: CHECK MIN. REINFORCEMENT AGAINST DEMANDS

Abutment 1
/7394kips
= = 27 )L
Z_a\la\lim\\lal g [ [ g @ ) .

SHEAR IN PILE CAP DUE TO PLASTIC PILE TOP (REVERSIBLE)

rEsuiali Sical

Shear V2

498.971 Kip
at6.54 ft

[ 499 kips

319.91
2183
oo
134 B5
1358
iy
2.9
28
b
J

MAX SHEAR IN PILE CAP WHEN COMBINED WITH BEAM SELF WEIGHT AND SUPERSTRUCTURE DL and 0.5 LL
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Add to Global Check (EXT case) - Load effects of Fin wall to pile cap

Live Load = 2ft of soil = 260pcf

Fin Wall

i

DD =

27+31 kips

=

T

|

DL = 15.8 (self weight)

Soil = 36.2 (soil weight)

Elevation view

pile cap

Load effects of Fin wall to pile cap calculated with EXT case factors

Designed Main Top bars:
governing design is STR case

Area of soil in Long Direction
Depth of wall

Volume

Additional Volume

unit weight of soil

Soil Weight

Weight of Fin Wall
Soil Load

Net downdrag on Fin wall

41.5

3

124.6

144

0.135

36.2

ft2 =6.92x 6
ft
ft3
ft3 on the sides
kcf
kips
Factor Factored Load

Moment arm

[ Jies [ 1 155 ]
(o2 Jues [ 1]

58

[ a5 |ft

5.8

i

kips 1 58.00

5.8

ft

Live Load (assume 2ft of soil height - 260pci) 5.3976 |kips 05 | 270 |

Fin Wall Load:

5.8

Total, Vertical Load kips
Total Moment, M: k-ft

Factored Shear, V = 113 kips, Moment at fin-wall location = 635 k-ft (about the bridge

transverse direction)

Add this to shear and bending moment effects from superstructure DL and LL
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Add to Global Check (EXT case) - Load effects of Fin wall to pile cap

il
Fin Wall { prie cap

11

Section view

Torsion in Fin Wall due to differential shear in top and bottom will add to bending moment
to pile cap. Add this load effect in addition of superstructure loads and pile Mpo

Book E7 Page 17 of 57



Max Moment in Pile Cap Beam after combining Fin Wall Load Effects (Abutment 1)

Resultant Moment

Moment M3

-2339 4972 Kip-ft
at63992 1t 2339 k-t
k= w B \
— 3 —
- [ ;? r~ -

Max Shear in Pile Cap Beam after combining Fin Wall Load Effects (Abutment 1) same as on pace 14

-135.01

reEsuLaliL Siical

Shear V2

498.971 Kip
at654ft
[ 499 kips

oLy
L
B,

3
1
81

575 k-ft
/ !-. .-'Em / |'} Fl | ] = ff|'} 3 | | | ||':
PILE 2 PILE 3
PILE 4 PILE 5 PILE6
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Max Moment in Pile Cap Beam (Abutment 2) (includes Superstructure, DL and 0.5 LL)

1150 k-ft (Occurs at end pile)

O
o - - | = 148.65112
/ — - — — - .« >
v oy . oy W -
- - W
Pile 3 Pile 4 Pile 5 Pile 6

Max Shear in Pile Cap Beam (Abutment 2) (includes Superstructure, DL and 0.5 LL)

325 kips (Occurs near first interior pile)

NS

A J
.

Pile 3 Pile 4 Pile 6
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STEP 3: CHECK MIN. REINFORCEMENT AGAINST DEMANDS

CASE 3
GLOBAL CASE

Abutment 1 values govern

DESIGN MOMENT : 2339 k-ft
DESIGN SHEAR : 499 kips

DESIGN TORSION : 575 k-ft

Note: Max torsion demand do not occur at

same location concurrently with max shear
and max moment demands.
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JOB NO.: A207833
DATE: 9/13/2021
DATE: 9/13/2021

PROJECT: 1-405 R2B Final Design - BR 28 W
SUBJECT: Pile Cap Design EXT Case
BY: RSGR
CHK:  MEDN
SUMMARY bar Nos. spacing D/C
Main M- reinforcement at top 11 5 10.34 92%
Main M+ reinforcement at bottom 11 5 10.34 99%
Skin reinforcement each side 6 8.00 -
Transverse reinforcement (2 legs) 5 4 8.00 56%
A= 1.00
Exposure Level = Severe
Strain Gradiant Amplification Factor B = 1.20
y= 1.50
fo= 5.20 ksi
W= 0.155 kef
Bi= 0.85
Beam Depth, h = 72.00 in
Beam Width, b,,= 48.00 in
Beam Width, by,= 48.00 in
Shear Reinforcement? Yes
Shear Reinforcement Size # 5
Shear Reinforcement Spacing 8.00 in
# of Shear Reinforcement Legs 4.00
Clear Cover (c;) = 6.00 in
f,= 68.00 ksi
1y (Ebatanced) = 0.00 in/in
Etension controlled = 0.01 in/in
Pmin = 0.00
Prmax = 0.03
Designed Main bars:
bar # 11.00
bar diam db 1.41 in
bararea Ab 1.56 in2
Demands (Taken at face of pile)
STR Case M (k-ft) T (k-ft) V (kips)
Max +Moment Case 2339 0 499
Max -Moment Case -2339 0 499
Max Torsion Case LS 575 413
Max Shear Case -2339 50 499
The effective is calculated as follows:
Cover bottomlIlin ignore bottom 6"
de top reinforcement! 68.67 in
de bottom reinforcement 64.67 in
Solve for the required amount of reinforcing steel, as follows:
of= 0.9
b= 48.00 in
fc= 5.2 ksi
Max -M = 2339 k-ft Max +M 2339 |kt
Rn= 0.1378 ksi 0.1554  |ksi
14 0.00206 0.00233
As,req= 6.78619 in2 7.22103 [in2
Nos. prov nos. 5 5
Bar size # 11 11
Bar Area 1.56 in2 1.56 in2
Asprov= 7.80 in2 7.80 _|in2
Spacing, s= 10.34 in 10.34 [in
Use 10 in 10 in
a= 10.00 in 10.00 |in
PM, = 2532.79 k-ft OK 2373.67 |k-ft
strain compatibility check c= 1.47 in 0K 1.28 in
tensile stress check et= 0.14 oK 0.16

NOTES AND REFERENCES

AASHTO (5.4.2.8-2)

(4ksi used for shear and torsion)

at top
at bottom

(60 ksi used for shear and torsion)
AASHTO 5.6.2.1
AASHTO 5.6.2.1

from SAP

AASHTO 5.5.4.2
width

in

Mucap_str1- 12—

\ it

===
(orbc&”)

o i
9:085[51 10— [10- 280
iy | (0851

Spacing provided
Depth of rectangular compression block

OK Flexural capacity
oK AASHT0 5.7.3.1.1-4;5.7.2.1-1
OK

\\COWL.net\projects\A205000\A207833\30-ENG\RSGR\Design\BR 28\6.0 Pile Cap Design B28W\Reinforcement_Calcs+202010411
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PROJECT: 1-405 R2B Final Design - BR 28 W JOB NO.: A207833
SUBJECT: Pile Cap Design EXT Case
BY: RSGR DATE: 9/13/2021
CHK:  MEDN DATE: 9/13/2021
The minimum reinforcement requirements will be calculated for the cap.
The cracking strength s calculated as follows:
0.48 ksi AASHTO 5.4.2.6
: fr = 024 /%
1492992.00 in4
36.00 in
} 1.60 AASHT0 5.6.3.3 1
73 067 AASHTO 5633 u, :v[(v‘ [ 421 ).~ Mo [SS—‘—I)
Sc= 41472.00 in3 ]
Mcr= 1778.32 k-ft AASHTO eq 5.6.3.3-1 (5.6.3.3-1)
oM, ()= 2533 > 1778 |OK
OM (= 2374 > 1778 |0k

n for Flexure (Service |

SEE PAGE 27

Design for Flexure (Skin ): skin

additional longitudinal steel must be provided along the side faces of concrete members deeper than three feet.
this check is carried out using the effective depth (de) and the required longitudinal tension steel in place of specific applied factored loads

de= 64.67 in
As_cap= 7.80 in2
Ask= 0.42 in2 Lower limit each side
Ask= 3.90 in2 Upper limit each side
bar used= 6.00
bar area= 0.75 in2
spacing used= 8.00 in OK 10.77833333 =Max Spacing
Ask Prov= 4.85 in2 oK

Design for Shear and Torsion (Strength |

and

28

distance from ext comp fiber to centroid of ext tension steel (.in)

AASHTO eq 5.6.7-3

AASHTO 5.6.7
Less than upper limit each side

The presence of torsion affects the total required amount of both longitudinal and transverse reinforcing steel. However, if the applied torsion is less than one-quarter of the factored torsional cracking moment, then the Specifications

allow the applied torsion to be ignored. This computation is shown as follows:

pt= 0.90
Area of concrete Acp= 3456.00 in2
Perimeter Pc= 240.00 in
K= 2.00
Ter= 2073.60 k-ft

0.25x ptx Ter= Need to Design for Torsion

466.56 k-ft

First Design the shear reinforcement and then check for torsional resistance
nominal shear resistance of the critical section is a combination of the nominal resistance of the concrete and the nominal resistance of the steel
two controls. These calculations are illustrated below:

Shear bar size= 5
Number of legs= 4
Spacing of Shear bars, S= 8 in
Clear Spacing= 7.375 in
Av= 1.24 in? =4 legs of #5
dv= 71.95 in effective shear depth
Use dv= 71.95 in
B= 2.00
Theta= 45.00 deg
UseB= 1.22
Use® = 42.76
Ve= 265.36 kips
Shear Threshold= 119.41 kips
Transverse Reinforcement Required
A, min = 0.40 in2
v, = 0.16 ksi
smax= 24.00 in
e = 0.00
Vv, = 725.78  |kips
DV, =V, = 892.03 OK D/C 56%

Resistance factor for shear and torsion

AASHTO eq 5.7.2.1-4

Torsion Threshold AASHTO eq 5.7.2.1-3

. This value is then compared to a computed upper-bound value and the lesser of the

AASHTO C5.7.2.8-1

AASHTO 5.7.3.4.1
AASHT0 5.7.3.4.1
AASHTO eq 5.7.3.4.2-1
AASHTO eq 5.7.3.4.2-3
AASHTO eq 5.7.3.3-3
AASHTO eq 5.7.2.3-1

AASHTO eq 5.7.2.5-1

Shear Stress AASHTO eq 5.7.2.8-1
AASHTO 5.7.2.6

AASHTO eq 5.7.3.4.2-4

AASHTO eq 5.7.3.3-4

\\COW!.net\projects\A205000\A207833\30-ENG\RSGR\Design\BR 28\6.0 Pil

le Cap Design B28W\Reinforcement_Calcs+202010411
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PROJECT: 1-405 R2B Final Design - BR 28 W JOB NO.: A207833
(X)‘ N ; I SUBJECT: Pile Cap Design EXT Case
BY: RSGR DATE: 9/13/2021
CHK:  MEDN DATE: 9/13/2021
Check for torsional resistance
Agp= 3456.00 |in?
pe= 240.00 |[in
A, = 2189.08 |in? Area enclosed by shear path 85% of the hoop
Py = 20550 [in
Equivalent V, = 505.50 kips AASHTO eq 5.7.3.4.2-5
vy = 0.16 ksi shear stress
smax= 24.00 in
e 0.00 AASHTO eq 5.7.3.4.2-4
B= 1.72 AASHTO eq 5.7.3.4.2-1
e= 37.32 degrees
V= 376.33 kips AASHTO eq 5.7.3.3-3
V= 880.13 kips AASHTO eq 5.7.3.3-4
oV, =V, = 1130.82  |kips
A= 0.31 in’ Area of transverse rebar
Ty = 1115.80  [k-ft AASHTO eq 5.7.3.6.2-1
T, =T, 1004.22  |k-ft
A./s-Req. 0.026 in?/in
A/ s - Prov. 0.039 in”/in 0K D/C= 67%
Longitudinal A, - Req. 9.14 in’ AASHTO eq 5.7.3.6.3-1
A, - Provided 15.60 in’ oK (7.8in* for 5nos. of #11 rebar) x 2 (top and bottom layer)

\\COWL.net\projects\A205000\A207833\30-ENG\RSGR\Design\BR 28\6.0 Pile Cap Design B28W\Reinforcement_Calcs+202010411

Book E7 Page 23 of 57



Global Check (STR case) - Load effects of Fin wall added to pile cap
Live Load = 2ft of soil = 260pcf

l

DD = -
27+31 kips Elevation view
> 7

l

DL = 15.8 (self weight)

Soil = 36.2 (soil weight)

Fin Wall pile cap

Load effects of Fin wall to pile cap calculated in Fin wall reinforcement design sheet

Designed Main Top bars: :
governing design is STR case 1_:__-','_"‘! ! -
1/
Area of soil in Long Direction 415 |fi2 =6.92x & Y
Depth of wall 3 ft 1
Volume 1246 |[ft3
Additional Volume 144 |ft3 on the sides
unit weight of soil 0.135 |kef i
Soil Weight 36.2  |kips T —
Factor Factored Load Moment arm
Weight of Fin wall [ (158 Jkips [ 125 | 1973 | [a625 |it
soil Load [ 362 Jkips [ 13 | 4707 | I
Net downdrag on Fin wall kips | 1.4 | 81.20 | | 5.8 |f‘t
[ | | | | |
Live Load [assume 2ft of soil height - 260pcf) kips | 1.75 | 9.45 | | 5.8 |f‘t
Total, Vertical Loadkips
Total Moment, M:k-ft
Fin Wall Load: From EIN Wall

reinforcement calc

Factored Shear, V = 157 kips sheets

Factored Moment = Torsion to pile cap, T = 890 kips (anti-clockwise)

Add these to shear and bending moment effects from superstructure DL
and LL into STR Stick model (next page)
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PROJECT: 1-405 R2B Final Design - BR 28 JOB NO.: A207833

SUBJECT: Pile Cap Design Check to add Fin Wall shear and Torsion to STR case
BY: _ RSGR DATE: 9/13/2021

CHK: _MEDN DATE: 9/13/2021
SUMMARY bar Nos. spacing D/C
Main M- reinforcement at top 11 5 10.34 43%
Main M+ reinforcement at bottom 11 5 10.34 16%
Transverse reinforcement (2 legs) 5 4 8.00 59%
NOTES AND REFERENCES
A= 1.00 [AASHTO (5.4.2.8-2)
Exposure Level = Severe
Strain Gradiant Amplification Factor B = 1.20
y= 1.50
fo= 4.00 ksi
W, = 0.155 kef
Bi= 0.85
Beam Depth, h 72.00 in
Beam Width, b= 48.00 in at top
Beam Width, b,y,= 48.00 in at bottom
Shear Reinforcement? Yes
Shear Reinforcement Size # 5]
Shear Reinforcement Spacing 8.00 in
# of Shear Reinforcement Legs 4.00
Clear Cover (c,) = 6.00 in
f,= 60.00 ksi
£ty (Evatances) = 0.00 in/in [AASHTO 5.6.2.1
£ tension controlled = 0.01 in/in [AASHTO 5.6.2.1
0.00
0.02
Designed Main bars:
bar 11.00
bar diam 141 in
bar area 1.56 in2
Demands (Taken at face of pile)
Shown below is shear, moment and torsion in pile cap due to Superstructure 1.25 DL + beam 1.25 DL + 1.75 LL + Fin wall load effects
» 950k-ft
— i e - .
415kips
215kips s
- (EEECEEENN]
784k-ft
STR Case M (k-ft) T (k-ft) V (kips)
Max +Moment Case 321 784 215
Max -Moment Case -950 30 415 from SAP
+ Fin wall
Max Torsion Case 321 784 215 case
Max Shear Case -950 30 415
The effective is calculated as follows
Coverbottom [ 6___Jin
de top reinforcement 68.67 in
de bottom reinforcement 64.67 in
Solve for the required amount of reinforcing steel, s follows
pf= 0.9 STR case [AASHTO 5.5.4.2
b= 48.00 in top
fe= 4 ksi
Max -M = 950 k-ft Max +M 321 k-ft
in
Mucap_str1- 12
Rn= 0560 ksi Rn = —
(0r-052)
P 0.00094 0.00036 a e A RN
As,req= 3.10001 in2 1.10652 |in2 e =08 10" Toes )
Nos. prov 5.00000 5.00000 Y,
Bar size 11.00000 11.00000
Bar Area 1.56000 in2 1.56000 |in2
Asprov = 7.80000 in2 7.80000 |in2
Spacing, s= 10.33500 in 10.33500 [in
Use 10.00000 __|in 10.00000 |in Spacing provided
a= 11.47059 in 11.47059 [in Depth of rectangular compression block
oM, = 2209.0 k-ft oK 2069 |k-ft oK Flexural capacity
strain compatibility check c= 2.15917 in oK 1.88927 |in 0K AASHTO 5.7.3.1.1-4;5.7.2.1-1
tensile stress check et= 0.09241 oK 0.10604 OK
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COWIL

PROJECT:

1-405 R2B Final Design - BR 28

JOB NO.: A207833

SUBJECT:

Pile Cap Design Check to add Fin Wall shear and Torsion to STR case

BY:
CHK:

RSGR

MEDN

DATE: 9/13/2021

DATE: 9/13/2021

[ The minimum reinforcement requirements will be calculated for the cap.

The cracking

Desian for Shear and Torsion

strength is calculated as follows:

0.48 ksi
1492992.00 in4

36.00 in

1.60

0.67

41472.00 in3

177832 |k-ft

@M= 2209 > 1264
Mg = 2069 > 427

AASHTO 5.4.2.6 fr=0.24 \[E
AASHTO 5.6.3.3
AASHTO 5.6.3.3 M, =y, {(y, 1,42 L )S. — M, [

[AASHTO eq 5.6.3.3-1
OK

OK

=

(5.6.3.3-1)

[The presence of torsion affects the total required amount of both longitudinal and transverse reinforcing steel. However, i the applied torsion is less than one-quarter of the factored torsional cracking moment, then the Specifications allow the applied torsion

to be ignored. This computation is shown

Area of concrete Acp=
Perimeter Pc=
K=

Ter=
0.25 x pt x Ter=

as follows:

0.90
3456.00
240.00
2.00

466.56

in2
in

k-ft
k-ft Need to Check for Torsion

First Design the shear reinforcement and then check for torsional resistance
[nominal shear resistance of the critical section is a combination of the nominal resistance of the concrete and the nominal resistance of the steel. This value i

calculations are illustrated below:

Resistance factor for shear and torsion

[AASHTO eq 5.7.2.1-4

Torsion Threshold AASHTO eq 5.7.2.1-3

s then compared to a computed upper-bound value and the lesser of the two controls. These

Shear bar size= 5
Number of legs= 4
Spacing of Shear bars, 5= 8 in
Clear Spacing= 7375 |in
Av= 124 |in?
dv= 62.93 in effective shear depth [AASHTO C5.7.2.8-1
Use dv= 6293 |in
p= 2.00 AASHTO 5.7.3.4.1
Theta= 45.00 |deg AASHTO 5.7.3.4.1
UseB= 1.61 AASHTO eq 5.7.3.4.2-1
Use ® = 3822 AASHTO eq 5.7.3.4.2-3
Ve= 307.87__|kips AASHTO eq 5.7.3.3-3
Shear Threshold= 13854 |kips AASHTO eq 5.7.2.3-1
Transverse Reinforcement Required
A, min = 040 in2 AASHTO eq 5.7.2.5-1
vy = 015 |ksi Shear Stress AASHTO eq 5.7.2.8-1
s max = 2400 |in AASHTO 5.7.2.6
€= 0.00 AASHTO eq 5.7.3.4.2-4
Vo= 743.13__ |kips AASHTO eq 5.7.3.3-4
OV, =V, = 945.90 ok
[Check for torsional resistance
Ay 3456.00 |in’
pe= 240.00 _|in
A= 2189.08 |in? Area enclosed by shear path 85% of the hoop
[ 20550 _|in
Equivalent V, = 45186 |kips AASHTO eq 5.7.3.4.2-5
vy = 0.17 ksi shear stress
s max = 24.00 in
e= 0.00 AASHTO eq 5.7.3.4.2-4
= 1.91 AASHTO eq 5.7.3.4.2-1
o= 36.07 _|degrees AASHTO eq 5.7.3.4.2-3
Ve= 364.36_|kips AASHTO eq 5.7.3.3-3
Vo= 803.50 _|kips AASHTO eq 5.7.3.3-4
OV, =V, = 1051.08 |kips
A= 0.31 in® Area of transverse rebar
T.= 1164.53  |k-ft AASHTO eq 5.7.3.6.2-1
o1, =T, 1048.07 _|k-ft
A/ s-Req 0023 [in?/in
A/ s - Prov. 0.039  [in?/in OK D/C= 59%
Longitudinal A, - Req. 9.10 _|in? AASHTO eq 5.7.3.6.3-1
A, - Provided 15.60  |in® oK (7.8in’ for 5nos. of #11 rebar) x 2 (top and bottom layer)
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PROJECT: 1-405 R2B Final Design - BR 28 W JOB NO.: A207833

SUBJECT: Pile Cap Service Design
B’ RSGR DATE: 9/13/2021

CHK:  MEDN DATE: 9/13/2021

NOTES AND REFERENCES
Girder DL and DW (Inc. all superstructure dead loads|

183kips 177kips 178kips 181kips 208kips 204kips
¢ ¢ A4 Y Y
i p p P P x P
u

Controlling case - 3 Lane case (for HL-93) - Includes DLA and multiply by MPF to the value below (Moved transversly)

66kips  66kips  66kips 66kips  66kips  66kips

v v v v

iy M Fiiy FiiN Fiiy iy Fii

Service Moment output

| i e ez e R -
piiy S i S iy “*'J/\_L
+205 k-ft
A= 1.00 AASHTO (5.4.2.8-2)
Exposure Level = Severe
Strain Gradiant Amplification Factor B = 1.20
y= 1.50
fo= 4.00 ksi
W= 0.155 kef
B: = 0.85
Beam Depth, h = 72.00 in used 72" for service case check
Beam Width, b= 48.00 in at top
Beam Width, b,,= 48.00 in at bottom
Shear Reinforcement? Yes
Shear Reinforcement Size # 5
Shear Reinforcement Spacing 8.00 in
# of Shear Reinforcement Legs 2.00
Clear Cover (c;) = 6.00 in
f,= 60.00 ksi
E1y (Ebalanced) = 0.002 in/in AASHTO 5.6.2.1
tension controlled = 0.005 in/in AASHTO 5.6.2.1
Omin = 0.003
Pmax = 0.021
Designed Main bars:
bar 11.00
bar diam 141 in
bar area 1.56 in2

Demands (Taken at face of pile)

SER Case M (k-ft) T (k-ft) V (Kips)
Max Moment Case | | -620 | 0 | 0 from SAP
Max +Moment Case Case3_SERL | [ 205 | 0 [ o ]

The effective is calculated as follows:

Cover top 2 in

Cover bottom 6 in

de top reinforcement 68.67 in

de bottom reinforcement 64.67 in
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PROJECT: 1-405 R2B Final Design - BR 28 W JOB NO.: A207833
m SUBJECT: Pile Cap Service Design
i i I B’ RSGR DATE: 9/13/2021
CHK:  MEDN DATE: 9/13/2021
Design for Flexure (Service |
[ The control of cracking by distribution of reinforcement must be satisfied.
Negative Reinforcement Positive Reinforcement
h= 72.00 = 72.00 Beam Depth
d.= 3.33 = 7.33 Distance from extreme tension fiber to to center of flexural reinforcement
B, = 1.07 B.= 1.16 AASHTO Eq. 5.6.7-2
Ye= 0.75 Y= 0.75 Exposure Class 2 - Increased concern of corrosion
s = 7.00 s= 7.00 Spacing of reinforcement
fos, allow = 35.94 ksi fos, allow = 20.86 ksi Allowable tensile stress in reinforcement, AASHTO Eq. 5.6.7-1
Mu_Ser 620.00 k-ft Mu_Ser 205.00  |k-ft
p= 0.002 p= 0.002 Reinforcement Ratio (As, prov / b x d) used 5 nos. of #11 rebars
Es= 29000.00 [ksi Es= 29000.00 |ksi
Ec= 4027.56 Ec= 4027.56 AASHTO (C5.4.2.4-2)
nk—_ ;ig nk— ;ig I\‘/Iodular Rﬁ::,oi . I = % (b ) (k da)3+ nAs_cap (de’ K dE)z
c=kd.= 11.31 c =kd.= 10.66 Depth to N.A. y = deg—k-dg
y= 57.36 y= 54.01 Lever Arm
I, 207932.56 |[in4 I= 183216.92 |in4 Transformed moment of inertia [Mutap_sem 12% \/]
fo= 14.78 OK fi= 5.22 OK Stress in the reinforcement under service fs = e n
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PROJECT: [-405 R2B Final Design - BR 28 JOB NO.: A207833
SUBJECT: Pile Cap Joint Design  Abutment 2 East
BY: RSGR DATE: 5/17/2021
CHK: MEDN DATE: 5/17/2021
Pile Cap - Pile Joint Design Check AASHTO Seismic 8.13
f'le=[ 520 |ksi expected concrete strength
Bcap=| 48.00 |[in width of pile cap
Ds=[ 72.00 |[in depth of pile cap
Dc=| 24.00 |in pile diameter
Beff=| 33.94 |in AASHTO SEISMIC 8.13.2-9
Ast=| 16.00 |[in2 8 bundles of #9
Fye=| 68.00 |ksi expected rebar strength
Te=| 761.60 [kips AASHTO Seismic 8.13.2-8
5.5 & = length of column reinforcement embedded into
the bent cap (in.)
AASHTO SEISMIC 8.13.2-7
Max axial force in Pile during EXT event
fu=[_0.09 ki AASHTO SEISMIC 8.13.2-6
fh=ksi No axial force in pile cap
Allowable
pt=| 030 | [ 087 Jksi AASHTO SEISMIC 8.13.2-2 & AASHTO SEISMIC 8.13.2-3
Calculated Stress
pe=[ 039 | [ 13 Jksi AASHTO SEISMIC 8.13.2-1 & AASHTO SEISMIC 8.13.2-4
Hence, calculated stress are less than allowable stress, joint sizing is ok
Minimum Joint Shear Reinforcing AASHTO SEISMIC 8.13.3 (In Pile;
P, 20405 (8.13.3-2)
Required=| 0.15% based on AASHTO SEISMIC 8.13.3-2 since, pt > (0.11 x sqrt f'c) i
Asp= 0.2 in2 #4 spiral where:
s= 6 in spacing in cap Ay = total area of column reinforcement anchored in
ad D'= 22.75 |in plug diameter the joint (in%)
=l : - 0, " "
P s provided 0.59% #4 spiral at 6" SPA - £y = length of column reinforcement embedded into
the bent cap (in.)
Minimum Joint Shear Reinforcing AASHTO SEISMIC 8.13.5 checked using STM; see next page
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COWL

PROJECT|I-405 BR42

CONT|[A207833

SUBJECT|EXT Case Design Check Abutment 2 East

PAGE(-

CHECKED BY|MEDN

DATE|2021-09-13

CALCS BY[RSGR

DATE[2021-09-13

Trans EQ

ser Input=[—— ]

Min Axial Load 237 kips

References

Moment Mpo Trans Direction from pile to beam:

T, (response2000)= 543 kips
fly= 68 ksi
o= 1

Rebar area required, A =in2

Needed= #5rebars
Provided= #5rebars

— N/

]

|? setof4 egsu&

Nine Graphs

Cross Section

Crack Diagram

Longitudinal Strain
AN top

-3.75 N 6.09

Shrinkage & Thermal Strain
top|

Long. Reinforcement Stress

bot|

ong. Reinf Stress at Crack

ftop
o

-88.0 68.0 68.0

) )

bm% %

Internal Forces N+M
C: 780.3 kips M: 712.2 fikips
7410
E[‘ 551 T: 5433 kips N: -237.0 kips
M >
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PROJECT: [-405 R2B Final Design - BR 28 W JOB NO.: A207833
SUBJECT: Pile Cap Joint Design - Abutment 1 West
BY: RSGR DATE: 9/13/2021
CHK: MEDN DATE: 9/13/2021
Pile Cap - Pile Joint Design Check AASHTO Seismic 8.13
f'le=[ 520 |ksi expected concrete strength
Bcap=| 48.00 |[in width of pile cap
Ds=[ 72.00 |[in depth of pile cap
Dc=| 24.00 |in pile diameter
Beff=| 33.94 |in AASHTO SEISMIC 8.13.2-9
Ast=| 24.96 [in2 8 bundles of #11
Fye=| 68.00 |ksi expected rebar strength
Tc=| 1188.10 [kips AASHTO Seismic 8.13.2-8
5.5 & = length of column reinforcement embedded into
the bent cap (in.)
AASHTO SEISMIC 8.13.2-7
Max axial force in Pile during EXT event
AASHTO SEISMIC 8.13.2-6
fh=ksi No axial force in pile cap
Allowable
pt=| 049 | [ 087 Jksi AASHTO SEISMIC 8.13.2-2 & AASHTO SEISMIC 8.13.2-3
Calculated Stress
pe=[ 057 ] [ 13 Jksi AASHTO SEISMIC 8.13.2-1 & AASHTO SEISMIC 8.13.2-4
Hence, calculated stress are less than allowable stress, joint sizing is ok
Minimum Joint Shear Reinforcing AASHTO SEISMIC 8.13.3 (In Pile;
P, 20405 (8.13.3-2)
Required=| 0.23% based on AASHTO SEISMIC 8.13.3-2 since, pt > (0.11 x sqrt f'c) i
Asp= 0.2 in2 #4 spiral where:
s= 6 in spacing in cap Ay = total arca of column reinforcement anchored in
ad D'= 22.75 |in plug diameter the joint (in%)
=l : - 0, " "
P s provided 0.59% #4 spiral at 6" SPA - £y = length of column reinforcement embedded into
the bent cap (in.)
Minimum Joint Shear Reinforcing AASHTO SEISMIC 8.13.5 checked using STM; see next page
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m‘ ‘ )I PROJECT|I-405 BR42 CONT|A207833
SUBJECT|EXT Case Design Check - Abutment 1 West PAGE|-

CHECKED BYlMEDN DATE|2021-09-13 CALCS BY[RSGR DATE[2021-09-13

i ile to Pile C
User Input= :l References Notes

Min Axial Load 180 kips

Trans EQ

Moment Mpo Trans Direction from pile to beam:

T, (response2000)= 844 Kips P Cross Section \\\Longlt:ﬁmal Strain Shrinkage 8'(D:'helmal Strain
fy=[__68 ksi .
o= 1 e = 379 ~ 605
o o
. . .
Rebar area required, A = in2 \’\.J bot . ol
Needed= #5rebars _ CrackDiagram  Long. Reinforcement Stress  Long. Reinf Stress at Crack
P fop
Provided= #5rebars 0005 680 . 68.0 58.0
J r— ] 0.047 ) E 1
it : o046 —
1|' 0 Longnudm-l Concrete stress Internal Forces N+M
= C: 1024.4 kips M: €85.2 fi-kips
£ T: 844.4 kips N:-180.0kips
T ;
[ FFTFART AT pad

B

Complete STM model on next 2 pages to transfer pile moment into pile cap based on the
following STM model for headed bars from (Priestley, et al., Seismic Design and Retrofit
of Bridges)

AT -~

(¢} Headed Column
Longitudinal Bars

FIG. 567 Possible mechanisms for tee-joint force transfer.
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Complete STM to show transfer of pile forces to pile cap (MIDDLE PILE CASE)

6' deep Pile Cap —\
T i mz M1
70 kips
c1 - Had— & T2,
M1 A
2514 STM DIAGRAM
v . Here, bearing force Br will strut
2' diam. Pile —— || T 844 kips directly to point A
C = 1024 kips

70 kips «——

M M = 844 x (5.42 + 7.07 + 4.33)/12 = 1183 k-ft

V1 V2 _f
A =70 4@{ ; M1 & Joint Equilibrium
M1 } Here, Axial load = V1 + V2.
Assuming the equilibrium axial
V = 70 kips load is ignored in the STM
_ diagram above and hence
M= 1183 k-t C=T=844 kips
Axial Load
M + V x (72"/2) = 2M1 (equilibrium about point O)
M1 = 696 k-ft
W = 11.77 degree
S =844/ cos a =862 kips
C1=T1 + 70kips
C2 =T2 =M1/60" = 140 kips T1 = 106-70 = 36 kips
Cl1+T2-70-Ssina=0 =>  C1 =106 kips
T1+C2-Ssina=0; T2 = C2 = 140 kips
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Complete STM to show transfer of pile forces to pile cap (END PILE CASE)

6' deep Pile Cap N

Q 4—61
B M1
s /d % V=70 kips
Ag Ti»
<«
12.5'
2' diam. Pil M
lam. e x T 5844 kips
\
C = 1024 kips

V =70 kips «——
M M = 844 x (5.42 + 7.07 + 4.33)/12 = 1183 k-ft

W = 11.77 degree

S =844/ cos a =862 kips
T1=C1 + 70kips

M+ V x (72"/2) = M1

M1 = 1393 k-ft

C1 =M1/ 60" =1393/60" = 279 kips
T1 =279 + 70 = 349 kips

The pile cap main reinforcement has been designed with 5nos. #11 rebar due to plastic over
strength moment in piles. + 2 nos. #11 rebars on corner. Total 7 nos. #11 rebar in each top and
bottom. It is sufficient to resist the tension forces generated during pile to pile cap load transfer.
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Fin Wall Design
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PROJECT: 1-405 R2B Final Design - BR 28 W

JOB NO.: A207833

SUBJECT: Fin Wall Reinforcement Design
BY: _ RSGR DATE: 9/13/2021

CHK:  MEDN DATE: 9/13/2021
SUMMARY bar, Nos. | spacing | D/C
Main horizontal reinforcement| 1 7 6.00 86%
Main top reinforcement| 11 5 EQ 64%
Shear reinforcement| 6 19 6.00 74%
A= 1.00
Exposure Level =| Severe
Strain Gradiant Factor B = 1.20
1.50
5.20 ksi *Expected property for extreme case in flexure
0.155  [kef
0.79
Shear Reinforcement?| Yes
Shear Reinforcement Size| 6
Shear Reinforcement Spacing| 6.00 in
# of Shear Reinforcement Legs| 2.00
Clear Cover (c) = 2.00 in on sides
fre=| 68.00 |ksi *Expected property for extreme case in flexure
€1y (Evaianced) =|  0.002 _[in/in
£tension contoled =| 0.005__[in/in
Pmn=| 0.003
Pmax =|__0.022
Designed Main Horizontal bars:
bar| 1 #
bar diam dbi=|  1.41 [in] Ee!
bar area Ab=| 156 [in’]

Depth of section, H:
Effective Depth to main bar, d:

Design width of section, bw

spacing of main bar, s:
Area of steel in design width, As:

Resistance factor, ¢=|

depth of equiv stress block, a=|
Factored Moment resistance, Mn=

Moment Demand:  based on Fin wall taki
Mu=

3601 4.625 = 1665 k-ft

360kips.

[in]
[in] =H-c-0.5*dbi-dbo

™
o

=3'-8" - 6" bottom

w

®

=
7

10.92 {in’l  =(bw/s)*Ab
|
1 EXT Case a= wn},i
3.76 {in] "
1944 kft ,\
M, =04 f‘{d—s

ng entire transverse seismic load
k-ft =360 kips is maximum possible Fin Wall load x (0.5 x fin wall length)

moment arm = 4.625ft

*conservative to use point load, actual load is distributed
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PROJECT: 1-405 R2B Final Design - BR 28 W

JOB NO.: A207833

SUBJECT: Fin Wall Reinforcement Design

(j() N—» I BY: _RSGR

CHK:  MEDN

DATE: 9/13/2021

DATE: 9/13/2021

Designed Main Top bars:
design governed by STR case
Area of soil in Long Direction
Depth of wall
Volume
Additional Volume
unit weight of soil
Soil Weight
Weight of Fin Wall
Soil Load

Net downdrag on Fin wall

Live Load (assume 2ft of soil height

415 |ft2 =6.92x6 _—
3 ft i
1246 |ft3 i
144 |3 on the sides ]
0.135_|kef : B
36.2  |kips - 2
Factor  Factored Load Moment arm
[ 158 Jkips [125 | 1973 ] [Ca625 |t
[ 362 Jkips [[13 T 4707 ] [[s8 |t
[ 58 Jkips [[14 T 8120 | [[s8 |t
[ | [ | | [ |
-260pcf) [ 53976 |kips [[175 | 945 | [ 58 |t

Total, Vertical Load kips

Total Moment,

Designed Main Top bars: (use nominal material properties, fy = 60ksi and f'c = 4ksi)
bar 11 #
bar diam dbi=|  1.41 (in]
bar area Ab=| 156 [in’]
Depth of section, H=[_44 |  [in]
Effective Depth to main bar, d=| 41.295 [in]  =H-c-0.5*dbi-dbo
Design width of section, bw = in
Area of steel in design width, As lin’]  =(bw/s)*Ab
Resistance factor, ¢=[ 0.9 EXT Case azt ’fA
depth of equiv stress block, a=| 3.25 [in] LA
Factored Moment resistance, Mn=| 1392 kft o
M, =04, f‘{d—s
SHEAR (f'c = 4ksi; fy = 60ksi)
Max Fin Wall lateral load= 360 kips g FIn]wALL
Wall length=|  9.25 ft T !
Distributed Load=| _38.92 k/ft i :
Effective dept, dv=| 33.9 in ! i AASHTO 5.7.2.8
Shear at dv away from pile cap, Vu[ _250.2 kips . e
tensile strain in section,ss=| 0,003 in/in : T ' AASHTO 5.7.3.4.2-4
crack spacing parameter (1), sx=| 6 in :
crack spacing parameter (1), sxe=| 6 in i
shear resistance parameter,B=| 1.66 I Shear AASHTO 5.7.3.4.2-2
Concrete modification factor, A= i - AASHTO 5.4.2.8
Nominal Shear Resistance, Vc=| 128 kips AASHTO 5.7.3.3-3
Factored Shear Resistance, Vr=yVc[ 115 kips NG Add Transverse Steel
bar size= 6
spacing;s=| 6 in
smax=| _ 20 in Prov spacing is OK =0.6xdv
bar diam=| 0.75 in
0=| 396 AASHTO 5.7.3.4.2-4
Legs=| 2.0
Length in which shear is distributed based on 28.0 in
Steel area, Av=| 4.1 in2
Shear resistance from steel, Vs: kips AASHTO 5.7.3.3-4
Factored Shear Resistance, Vn= (Vc#Vs) Kips/ft oK kips/ft OK Limit AASHTO 5.7.3.3-2
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PROJECT: 1-405 R2B Final Design - BR 28 W

SUBJECT: Curtain Wall Design
BY: RSGR

CHK:

JOB NO.: A207833

DATE:
DATE:

4/11/2021

The curtain walls are designed for full mobilization of passive pressure FOr abutment 2 only

SUMMARY bar Nos. spacing D/C
Main vertical reinforcement 8 14 6.00 99%
Main horizontal reinforcement 8 20 6.00 63%
A= 1.00
Exposure Level =| Severe
Strain Gradiant Amplification Factor B = 1.20
v= 150
fe=| 5.20 |ksi *Expected property for extreme case
w.=| 0.155 [kcf
Bi=| 0.79

Shear Reinforcement? No
Shear Reinforcement Size| #REF!

Shear Reinforcement Spacing|  0.00 _|in
# of Shear Reinforcement Legs|  0.00
Clear Cover (c) = 3.00 [in
f,=| 68.00 |[ksi *Expected property for extreme case

&1y (Evatanced) =|  0.002  [in/in

£ tension controled =|  0.005  [in/in

Pmin = _0.003
Pmax =| 0.022
Designed Main vertical bars:
bar 8 #
bar diam dbo= 1.00 [in]
bar area Ab=| 0.79 [in’)

Depth of section, H=
Effective Depth to main bar, d=

[in]
[in] =H-c-0.5*dbo

Design width of section, bw =

=check resistance for 1ft of wall

spacing of main bar, s= “ [in]
Area of steel in design width, As= [in’l  =(bw/s)*Ab

i o= AT
Resl.stance factor, p= EXT‘ Case a= T b
depth of equiv stress block, a= [in]
Factored Moment resistance, Mn= k-ft/ft i a
Moment resistance for 4ft of connection with pile cap= k-ft M, =ea-fld-35)
Moment Demand:
Comes from passive force being developed
Max Passive force developed at Abutment 2 (see pile load calculations)
max passive force developed in curtain wall, P= 347  |kips This is obtained from Pile Design Sheet
wall height, H=| 10.24 |ft
wall length, L= 7 ft
uDL, w= kips/ft =P/H

length of cantilever, L= n ft

Moment Demand, Mu= kips-ft =w*L*L/2
Hence resistance of 274 k-ft is ok

Check for distribution triangularly

Y=
X=

=P/(0.5 x 10.24 x 10.24 x 7)
linear interpolation

Pressure Force in cantilever = F: ksf =XxL

Max. cantilevered moment arm= A= ft
Total Moment, M = k-ft/ft =F*A*A/2

Factored moment resistance for 1ft of wall= k-ft/ft OK>M

=300

e Force
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Designed Main Earth Face horizontal bars:

bar 8 #
bar diam dbi= 1.00 [in]
bar area Ab=| 0.79 [in*]

Depth of section, H=
Effective Depth to main bar, d=

[in]
[in] =H-c-0.5*dbi-dbo

Design width of section, bw =

spacing of main bar, s= [in]

Area of steel in design width, As= i)  =(bw/s)*Ab
Resistance factor, ¢= 1 EXT Case
depth of equiv stress block, a= 1.72 [in]
Factored Moment resistance, Mn= 59 k-ft/ft ¢ at
M =¢-A - -fld-——|
n s vt T3
Moment Demand:
Comes from passive force being developed
Max Passive force developed at Abutment 2 (see pile load calculations)
Max passive force on cantilever= 347  |kips
Length of wall over which this is distributed= 7 ft
UDL, w=| 49.6 |kips/ft =347/7
length of cantilever, L= 3.00 |ft
Total Moment, M = k-ft =w*L*L/2
Factored moment resistance for 1ft of wall=
Factored moment resistance for 6ft of wall= oK
Check punching:
Total Load on curtain wa
Resisted by pile cap (based on area)
Punching Shear ,V: ips
7Y
,,,,,,,,,,,, 4
} N t e S
}4 > aft+05dv
|
1 1
|
| y y
10.24ft 6ft+0.5dv 6t
dv=| 8.64 [in
bo=| 128.64 [in =perimeter of critical section as shown above in dotted lines
B= 1.5 =6/4 =ratio of long side to short side of pile cap
A= 1 I i
0126
fe=| 4 |ksi Vo= 0063+ = |7 hd <0260 b
Vn=[ 327 |kips \ L,
0.9 factored Vn=[ 294 |kips (5.12.8.6.3-1)
Hence, punching shear is ok
D/C:
Check One Way Shear
Total Load on curtain wall= 347 kips
shear distributed along horizontal=! 87 kips
shear distributed along vertical= 58 kips
Along horizontal V.= 0036R RS b.od,

bv=| 81.996 [in
dv=| 864 [in
Ve= 90 kips D/C= 97%

Along horizontal

bv=| 122.004 [in
dv=| 864 [in
Ve= 133 kips D/C= 43%
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PROJECT|I-405 BR 28W CONT A207833
SUBJECT|Summary of Abutment Seat Length C-D Ratios |PAGE -
CHECKED BY|MWBM DATE|2021-01-14 | CALCS BY|RSGR DATE 2021-01-13

SUMMARY ABUTMENT SEAT LENGTH-CAPACITY / DEMAND RATIO

LONGITUDINAL DIRECTION

Abutment €, prectim D c/p | cprovide [ c/b
in in Unitless in Unitless
West 48 36.00 1.33 48 1.33
East 48 36.00 1.33 48 1.33

METHODOLOGY:

[ -userinput

* The existing capacity is being designed, C

« As the large longitudinal movements may cause unseating of the girder and resulting in the collapse of the bridge the seat length demands
were determined as per FHWA Eq. 4-3. The acceleration coefficient is determined form Bridge Link. This value was compared to the seat

length demand from AASHTO seismic and the maximum value was considered as demand.

Summary of Abutment Seat Length C-D Ratios
\\COWI.net\projects\A205000\A207833\30-ENG\RSGR\Design\BR 28\2.0 BR 28W_Abutment Seat Length

1/14/2021
10f2
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PROJECT|I-405 BR 28W CONT A207833
SUBJECT|Abutment Seat Length Demand Calculation |PAGE -
CHECKED BY|MWBM DATE|2021-01-14 | CALCS BYlRSGR DATE 2021-01-13
ABUTMENT SEAT LENGTH DEMAND
West:
User input=
Length of bridge deck from seat to end of bridge deck, L= 116.5|ft
Average height of columns supporting the bridge Deck , H=| 0|ft
Width of the deck, B= 50.67|ft
1-Sec Period Acceleration Coefficient, Sps= 0.283
Angle of Skew, a = 0.0000|deg
Seismic Displacement demand Ago= 5.0000|in Assumption
Support Length measured normal to the face of abutment, N g, = 8.57(in FHWA Eq. 4-3b
Minimum support length measured normal to the centerline of brg, N= 24.00(in AASHTO Seismic Eq. 4.12.3-1 (For SDC D)
% N by SDS and acceleration coefficient, for SDC:D = 150|% AASHTO Seismic Table 4.12.2-1
N pnsHro = 36.00|in
N= 36.00)in
East:
User input=
Length of bridge deck from seat to end of bridge deck, L= 116.5|ft
Average height of columns supporting the bridge Deck , H=| 0|ft
Width of the deck, B= 50.67|ft
1-Sec Period Acceleration Coefficient, Sp; = 0.283
Angle of Skew, a = 0.0000|deg
Seismic Displacement demand Agq= 5.0000(in Assumption
Support Length measured normal to the face of abutment, N g, = 8.57(in FHWA Eq. 4-3b
Minimum support length measured normal to the centerline of brg, N= 24.00(in AASHTO Seismic Eq. 4.12.3-1 (For SDC D)
% N by SDS and acceleration coefficient, for SDC:D = 150(% AASHTO Seismic Table 4.12.2-1
N aasHro = 36.00|in
N= 36.00)in

Abutment Seat Length Demand Calculation

\COWI.net\projects\A205000\A207833\30-ENG\RSGR\Design\BR 28\2.0 BR 28W_Abutment Seat Length

1/14/2021
20f2
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4o R2B

(3()“7.-[ - GIRDER STOP B4 ::ET ol

SUBJECT

CHECKED BY DATE CALCULATIONS BY DATE

b%slém LoARD -

Total Lateral EQ Load = Mass of Structure x F x PGA = (1228+1250)kips x 1.17 x 0.43 = 1246kips

Assume unequal distribution by assuming only 50% of girder stops are effective
Hence, multiply total lateral load by 2 = 1246 x 2 = 2492 kips

Total girder stops = 5 on the west and 5 on the east = 10nos.

Load per girder stop = 2492 / 10 = 249 kips

\
/
&E D Nt AT )0ON
’—“‘" ‘ 4 e
f ﬁ e ® <] o e & l /‘ HQJ@H‘('O)
| T | ] ' ‘ )
| ® T r S Y Piey | 16
o < 1 | | 4 ‘ .
of 2 2§ ¢ £ #| | pier2 15
s e e e T
1 | /
- ‘ —
voriade  (pon 4’ Lor\p) _
FoecE  PosNT ofF APPLICATION
E ) SIMPLIFLED <TM MoedE L
e((azhiakg_: = —]

P ”I ]L cawT < 249 kips
0 g |
| _— 5 — oty "

_ >
T T 2-25
STRUT 5
wipTy = S (ﬁssumpcb)\
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(}()'W_‘[ PROJECT CONT

SUBJECT PAGE o2
CHECKED BY DATE CALCULATIONS BY DATE
STM  chocle
S - e 249 kips
| ~ 1
ye . |, "°
S [, P
.(A — -
Z - T
. 30 deg (min. angle 25 degree as per AASHTO 5.8.2.2)

mAX Tie Povce = 125Kips vhen é-
/ (2 [ - 30deg - 17"
stHeent 2rows  of Lare P oL e Within 17"

ﬁw\? on »\,9¢7 . - 125 e l' ry) . 125 - 2 ;/\3——
0.9 % Rye 0“1+ 68 ksi

P‘(&V/d e d ‘
kb 1eaxl 9 moc. 01 H 4 Loy pa Yo
N N W
=~ 1.8 < required 2 in” but
/) p Y e considered ok

since we conservatively
assume 50% are effective

& BRG. PIER 1

40" ] ' “‘H I

5 SETS OF #4
@ EQ. SFPA.

ﬂ
|
M
|
\m
|

SET OF #4 @ &"

1 SET OF #4 5 5ET5 OF #4
[ 40"

_— J—-
@ ,________:__—_—__—: I _‘
1 set of #4 at corner

" containing 4 dowels

e

—\ N

SET OF #4 @ &"
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m‘WI: PROJECT CONT .

SUBJECT PAGE

CHECKED BY DATE CALCULATIONS BY DATE

_ Chack WEInp Shear frichon Mo e .
( Twterfoce shear) AASHT D S 7 ¢

¥ GIRDER sToP 15 CACT AFTER ’QEj’”" ki
GIRDER ¢ ARE FLAcCED ON ARUTMINT. f_
- o Interfoace  reinforcercont @ | A —
I —"
Ave = 0.05 Acv g |
P
j w N N
Acv = wnterface covcrele arec SET%@;
) . )
dele g hiv N . M/IOU/&\ =. &
avea = 4¢” x 12/ = 58 $T (tewplt of stop?
/< (/Wv'a )
Avp = o005 » 7% = 0_45,,M/{/4.,1
+y
)7\/0».‘0(6 af/ea_gi' 4 dowel< of #1—/ e bar o
e Iﬂf/wyl?ph,, /4,,/ =~ 0.8 L\A%ﬂ/f‘
- f’o\c,-f'm\.gc/‘ Shosw regrst=anee © <+ Vi
P=0 9 wsooT 356 (<)
Vg = Aoy + ML Avf %)
CM 024 .. W, Roughened surface
o= 1.0
Vi, & & 10 < 0-61;\43/% ~ £  *C(Acv)=36+0.24%(576) = 174
foactored resistonce = 0.9 x 174= 157 }e[\/}’_{/#
/(/hl'

Al givder otvp )a@ms
m B2gw are  Atleasf 47 lenp.
Henee , 4V = 157 X 44 = 626 joi o€ Desy
’ = 7”;?2{\

249 Fipa )
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Check Pile Cap to Jacking forces
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PROJECT: 1-405 R2B Final Design - BR 28 W JOB NO.: A207833
SUBJECT: Jacking Bearing Check
BY: RSGR DATE: 4/11/2021
CHK: MEDN DATE: 4/11/2021

BEARING DESIGN TABLE

IGN T
AASHTO METHOD B PESIGN

CTION (W0 IMPACT)

5

ADED HEIGHT 267 1N

LOADED HEIGHT (DL) 281 IN

SHEAR

165 F3l

Max. DL kips
Jacking Load kips

Jack used: CUSP250, 285.6 ton Capacity, 0.61 in Stroke, High Tonnage Ultra Flat Hydraulic Cylinder

by [ 250 _Jeon
cepactty kips

Jack Size

Diam. in
Height 3 [in

200% of DL

OK

Pier 1

Available spacd 17 in

Pier 2

OK 17]in OK

On a bearing plate min. 12"x12"

12 in

2 cover each
16 in
256 =16 x 16

144 12x12

1.333333|=sqrt (A2/A1)
0.7 resistance factor

T

o

f
e
¥

1
1

*  Where the loaded area is subjected to uniformly
distributed bearing stresses:

side

(5.6.5:3)

4 ksi
144 in2 "
457 kips ok P =0851"4m
P = nominal bearing resistance (Kip)
A= arca under bearing device (in”)
m = confmement modification factor
A; = notional arca defined as shown in Figure
5.6.5-1 (in.%)

— >

las: 15°

L >

Loaded Area,
Ay

Plan View

I—Lua\ied Area, 4,

tA, is measured
on this plane

Section A-A through
Member

Figure 5.6.5-1—Determination of Notional Area
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PROJECT: 1-405 R2B Final Design - BR 28 JOB NO.: A207833

SUBJECT: Pile Cap Design Check for Jacking Torsion Case
BY: RSGR DATE: 4/15/2021

CHK:  MEDN DATE: 4/15/2021
SUMMARY bar Nos. spacing D/C
Main M- reinforcement at top 11 5 7.00 39%
Main M+ reinforcement at bottom 11 5 7.00 42%
Skin reinforcement each side 6 8.00 -
Transverse reinforcement (2 legs) 5 4 8.00 79%
NOTES AND REFERENCES
A= 1.00 AASHTO (5.4.2.8-2)
Exposure Level = Severe
Strain Gradiant Amplification Factor B = 1.20
= 1.50
4.00 ksi
0.155 kef
0.85
Beam Depth, h = 72.00 in
Beam Width, b= 48.00 in at top
Beam Width, b,,= 48.00 in at bottom
Shear Reinforcement? Yes
Shear Reinforcement Size # 5]
Shear Reinforcement Spacing 8.00 in
# of Shear Reinforcement Legs 4.00
Clear Cover (c;) = 6.00 in
f,= 60.00 ksi
Ety (Ebalanced) = 0.00 in/in AASHTO 5.6.2.1
£ tension controlled = 0.01 in/in AASHTO 5.6.2.1
Prmin = 0.00
Prmax = 0.02
Designed Main bars:
bar 11.00
bar diam 141 in
bar area 1.56 in2

Demands (Taken at face of pile)

Combine (Moment and Shear using 2 x DL) with torsional effect from jacking
Torsion  =7215k-in 601.25 k-ft  from page 23 of book E6 -866k-ft
27

657
8809
3
e

v 425kips

STR Case M (k-ft) T (k-ft) V (kips)
Max +Moment Case 866 601 425
Max -Moment Case -866 601 425 at Pile Face
from SAP
Max Torsion Case -866 601 425
Max Shear Case -866 601 425
The effective is calculated as follows:
Cover bottom lIlin
de top reinforcement 68.67 in
de bottom reinforcement 64.67 in
Solve for the required amount of reinforcing steel, as follows:
0.9 AASHTO 5.5.4.2
48.00 in top
fe= 4 Kksi
Max -M = 866 k-ft Max +M k-ft
in
Mucap_strt 125
Rn= ksi ksi Ri= —————
(or5-e?)
P 0.00086 0.00097 £)
. . ¢ (Z.Rn)
Asreq= 2.82380 |in2 3.00140 |in2 p= 085[;] { 10- f10- {085 ,[)}
Nos. prov 5.00000 5.00000 v
Bar size 11.00000 11.00000
Bar Area 1.56000 in2 1.56000 |in2
Agprov = 7.80000 in2 7.80000 |in2
Spacing, s= 10.33500 in 8.33500 |in
Use 7.00000 in 7.00000 [in Spacing provided
a= 11.47059 in 11.47059 |in Depth of rectangular compression block
oM, = 2209.0 k-ft OK 2069 |k-ft OK Flexural capacity
strain compatibility check c= 2.15917 in oK 1.88927 |in oK AASHT0 5.7.3.1.1-4;5.7.2.1-1
tensile stress check et= 0.09241 OK 0.10604 OK
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PROJECT: 1-405 R2B Final Design - BR 28 JOB NO.: A207833
SUBJECT: Pile Cap Design Check for Jacking Torsion Case
RSGR DATE: 4/15/2021
MEDN DATE: 4/15/2021
[ The minimum reinforcement requirements will be calculated for the cap.
The cracking strength is calculated as follows:
fr= 048 ksi AASHTO 5.4.2.6
Ig= 1492992.00 _|in4 fr = 0.24-ff
= 36.00 in
1.60 AASHTO 5.6.3.3 .
- . . S,
3= 0.67 AASHTO 5.6.3.3 M, =7y, [(y‘ f+12S ) S~ M, [i‘, 1 )
Sc= 2147200 |in3 S M
Mer= 177832 |k-ft AASHTO eq 5.6.3.3-1 (5:63.3-1)
oM, )= 2209 > 1152 |oK
oMy = 2069 > 1152 |ok

Design for Shear and Torsion

The presence of torsion affects the total required amount of both longitudinal and transverse reinforcing steel. However, if the applied torsion is less than one-quarter of the factored torsional cracking moment, then the Specifications allow the applied
torsion to be ignored. This computation is shown as follows:

pt=

Area of concrete Acp=
Perimeter Pc=

K=

Ter=
0.25 x @t x Ter=

0.90
3456.00 |in2
240.00 in
2.00
ket
k-ft Need to Check for Torsion

First Design the shear reinforcement and then check for torsional resistance
[nominal shear resistance of the critical section is a combination of the nominal resistance of the concrete and the nominal resistance of the steel. This value

calculations are illustrated below:

Resistance factor for shear and torsion

AASHTO eq 5.7.2.1-4

Torsion Threshold AASHTO eq 5.7.2.1-3

is then compared to a computed upper-bound value and the lesser of the two controls. These

Shear bar size= 5
Number of legs= 4
Spacing of Shear bars, S= 8 in
Clear Spacing= 7.375 in
Av= 124 |in’
dv= 62.93 in effective shear depth AASHTO C5.7.2.8-1
Use dv= 62.93 in
B= 2.00 AASHTO 5.7.3.4.1
Theta= 45.00 deg AASHTO 5.7.3.4.1
Use B = 1.62 AASHTO eq 5.7.3.4.2-1
Use© = 38.13 AASHTO eq 5.7.3.4.2-3
Ve= 309.95 kips AASHTO eq 5.7.3.3-3
Shear Threshold= 139.48 kips AASHTO eq 5.7.2.3-1
Transverse Reinforcement Required
A, min = 0.40 in2 AASHTO eq 5.7.2.5-1
V= 0.16 ksi Shear Stress AASHTO eq 5.7.2.8-1
smax = 24.00 in AASHTO 5.7.2.6
e = 0.00 AASHTO eq 5.7.3.4.2-4
V= 745.62 kips AASHTO eq 5.7.3.3-4
oV, =V, = 950.01 |0k
Check for torsional resistance
A= 3456.00 |in*
pc= 240.00 in
A= 2189.08 |in? Area enclosed by shear path 85% of the hoop
Ph= 205.50 in
Equivalent V,, = 522.92 kips AASHTO eq 5.7.3.4.2-5
V= 0.19 ksi shear stress
smax = 24.00 in
e 0.00 AASHTO eq 5.7.3.4.2-4
B= 173 AASHTO eq 5.7.3.4.2-1
o= 37.30 degrees AASHTO eq 5.7.3.4.2-3
V= 329.71 kips AASHTO eq 5.7.3.3-3
V= 768.19 kips AASHTO eq 5.7.3.3-4
oV, =V, = 988.11  |kips
A= 0.31 in® Area of transverse rebar
T = 1113.35  |k-ft AASHTO eq 5.7.3.6.2-1
T, =T, 1002.01  |k-ft
A./s-Req. 0.030 in?/in
A/ s - Prov. 0039 |in/in  OK D/c= 79%
Longitudinal A, - Req. 9.71 in? AASHTO eq 5.7.3.6.3-1
A, - Provided 15.60  |in® oK (7.8in” for 5nos. of #11 rebar) x 2 (top and bottom layer)
Add #11 bars at corner 6.24 in’ Add corner bar for detailing at all 4 corners
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SHEET.

FILE NO. 9242

1-405

51-24"
20'-54" 1125E LINE 309"
5'-41" 2 SPA. @ 8-0" = 16'-0" ) 3 SPA. @ 87" = 25'-9" 401
[
& GIRDER F & GIRDER E ¢ GIRDER D ¢ GIRDER C ¢ GIRDER B % GIRDER A
i ; ; ¢ FIN WALL ;
BEARING GROUT FAD, . . . H .
TYP. SEE NOTE 3 ! ! ! !
‘! ‘ FIN WALL —
%" PUF i i
CURTAIN ! !
WALL, TYP. N .
v \
w 3 "
T N .
[ L -1 <
*
! )
2" PJF ) !
-2k ! ! !
TYP. I i 2" PJF
i i
N ! ! ! ! WALL 09.17L
TRANSVERSE . "
GIRDER STOP, TYP. SEE TABLE

\uo J' € nzse Lne

ASSUMED 'JACK LOCATION'
FOR BEARING REFLACEMENT,
TYP AT ALL GIRDERS

NOTES:

1. FRONT SURFACE OF CONCRETE PILE CAP, GIRDER STOPS AND
EXTERIOR FACE OF CURTAIN WALL SHALL RECEIVE "MT. ST.
HELENS" PIGMENTED SEALER TO 1 FOOT BELOW FINISHED
GRADE.

2. THE LENGTH OF TRANSVERSE GIRDER STOFS ARE NOMINAL.
REFER TO PLAN REF. NO. BG28W-11 FOR DETAILS.

3. FOR DETAILS OF GROUT PAD RECESS, REFER TO FPLAN REF.
NO. BG28W-11.

4. FOR DETAILS OF WALL 09.17L, SEE OTHER FACKAGE.

TOF OF GROUT FAD|ELEVATION| ANGLE
GIRDER A 137.70 90°00'00
GIRDER B 137.87 90°00'00"
GIRDER C 138.04 90°00'00'
GIRDER D 138.22 90°00'00"
GIRDER E 138.09 88°48'43"
GIRDER F 137.93 87°37'29"
GIRDER STOFP BEARING FPIER 1
(BEYOND) GROUT PAD

TRANSVERSE ?
1
|
t
T
|
|
|
L

|
& GIRDER F ¢ GIRDER E | ﬂ ¢ GIRDER C ¢ GIRDER B € GIRDER A
TRANSVERSE ' i i ; d :
GIRDER STOP, TYF. | I | 10/ ; i i
! ! . 7 -#11 TOP I i oY
A T ! ! ! ! 1-2
BEARING cROU i i sigyn | € OIRDER D '] HEADED AT  HDETAIL 1, TYP. | e
c \ i o Tve] i RO, EL 138111 | BOTH ENDS / |SEE PLAN REF. | M.
- R i ' NO. BG28W-10 : CURTAIN GRAVEL
! BTWN GIR D-F, 5-5%" ! ! WALL TYP. BACKFILL FALL PROTECTION,
DETAIL 2 (TYP.) I SEENOTE 21 | NOM. TYP | CONSTRUCTION | | ' FOR WALL SEE WALL PLANS
SEE PLAN REF. ! i BTWN E/K A—D EJUINT, TYP. ! OPTIONAL i FOR DETAILS
NO. BG28W-10 i Y1 see noTE 2| i i CONSTRUCTION FIN WALL i PILE CAP
EL. 157.70 ‘ I ! i JOINT, TYF. BEYOND i
SPLICE TO PILE L . | EL. 157.50 \ i CONCRETE SLOPE
CAP FACE BARS, == ! T — Y. 5. #6EF I PROTECTION
TYP. BOTH ENDS —— a3 EVENLY SPA. i
DR S T i 21
T " 4 - #11 EF. EN i -
P =N ! EVENLY SPA. © i ol t WALL COPING
BOT. OF FILE ! aj=
CAP LEVEL %" PJF. TYP. !
EL. 13150 O T TR
o o ol >N o\ ol o WALL 09.17L, TYP. FILL GAP BETWEEN VRN RIRINIR ! A RO RIREN
CASING, TYP. PO PNIN? S OO NP OO PO ! ! WALL 09.17L
FIN WALL AND i /
STEEL PIPE -~ A OPTIONAL DIAPHRAGM WITH 50n ! o,
PILES, TYP. 7 - #1 BOT. CONSTRUCTION PUF OR EXPANDED N I 32
HEADED AT #5 TIE PATTERN #5 TIE PATTERN JOINT, TYP. POLYSTYRENE ! ivd
BOTH ENDS AWAY FROM FILES, TYF. AT PILES, TYP. ! 2R
W | 5
SET OF #5 @ke")(OMIT AT PILES) u m§ =
W
)]
SET OF #5 @K&"JAWAY FROM PILES (3 SETS @ EA. FILE, TYF.) [ l 4-0"
PILE CAP ELEVATION SECTION AN
(LOOKING WEST) -/
DIMENSIONS AND ELEVATIONS ARE GIVEN ALONG € PIER. FOR REINFORCEMENT DETAILS,
FIN WALL, GIRDER STOP AND CURTAIN WALL REINFORCEMENT SEE PLAN REF. NO. BG28W-10
NOT SHOWN, SEE PLAN REF. NO. BG28W-08 AND BG28W-10
ct\users\knbr\documents\projectwise\work ingdir\wsdot\dms 13258 \XL5467 06 DE BG_BR28W-PierllLayout_REV1.dgn ‘ Washinglon State |_405; RENTON TO BELLEVUE WlDENlNG PLAN REF.NO.
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Design Mgr: BRIAN BELL RELEASE FOR CONSTRUCTION RECORD | SsTATE FED. AID. PROJ.NO. | *W™ | 4
Designed By: R_GARG

Checked By M. DASTFAN 10| WASH.

Detailed By: K. BUNGER JOB NUMBER

Current Revision By: NOC XX osoarzoi| 1 XL5467

Date: 9/14/2021 RFC- BRIDGE 4057261 oszeiz0z1] o

Time: 3:19:37 PM DESCRIPTION DATE |NO

G28W-06!

/4

Department of Transportation AND EXPRESS TOLL LANES PROJECT

112TH AVENUE SE OVER SB 1-405 SHEET

FLATIRON LaNE 7

DATE DATE

EOR.2 STAWP BOX

EOR.1 STAWP BOX

oF

PIER 1 PLAN AND ELEVATION

wood. COWI

SHEETS




SHEET.

FILE NO. 9242

1-405

54'-9"
¢ 112SE LINE
30'-7" i paron
¢ GIRDER A ¢ GIRDER B ¢ GIRDER C ¢ GIRDER D ¢ GIRDER E @, GIRDER F
| | | | ! .
I 3 SPA. AT 8-7" = 25'-9" ; 2 SPA. AT 10'-4" = 20'-8" 145
i : : -
: i i i i ‘j
! ; BEARING GROUT o o5 i TRANSVERSE i
I i PAD, TYP. | i GIRDER STOF, TYF.
N ! : SEE NOTE 4 : ] :
w ; i i i i
i N w— "
T . [} | |
[T A I Lo
<
== 2" PUF
ol
o>
] - k-
CURTAIN I i i o WALL
WALL, TYP. ! SEE TABLE, TYP -0 09.1BML-0
2" PUF ASSUMED JACK LOCATION TYP.
FOR BEARING REPLACEMENT TEMPORARY WALL
WALL TYP. AT ALL GIRDERS DURING CONSTRUCTION
09.20ML-0
FLAN
TYP. SEE DETAIL
GIRDER A & GIRDER C ¢ GIRDER D € GIRDER E & GIRDER F
| | H
i ! i
ANSVERSE
TRANSVERSE i | € 1125E LINE ! TR
GIRDER STOP, TYF. ; i : % i GIRDER STOF, TYP.
N £ i
BEARING GROUT : i " Nowm. v : CONSTRUCTION
FAD, TYF, ﬂ i1 |BTWN. GIR. D-F| JOINT, TYF. o
veran 2 (ryey 27 NOM. TYP. BTIN. j 1| SEENOTES i o
. L o ! ,
oEe FLAN REF. NOM ey 1 CROWN, 1 7 - #11 T0P, HEADED ! M OPTIONAL
SEE NOTE 3 i . : T
NO. BG28W-10 i i EL 14457 - | AT BOTH ENDS i CONSTRUCTION
i i ) (I i JOINT, TYP.
EL. 143.96 /j [ B i i EL. 144.09
SPLICE TO PILE e e e et S e B
CAP FACE BARS, ! W
TYP. BOTH ENDS ——a] 8, o
of & |F= B
S i m— — PN
R ICTO N b ey p— g
BOT. OF FILE iy ! ! ! ! ! BOTTOM OF
CAF LEVEL /‘ ! I I i I I COPING LEVEL
EL. 137.96 i i i i i i EL. 141.00
~ 1 s 5 Se 5s oS
CASING, TYP. S S B S S
7 - #11 BOT.
STEEL PIPE HEADED AT
PILES, TYP. BOTH ENDS

#5 TIE PATTERN

#5 TIE PATTERN

AT PILES (TYP.)

SET OF #5 @ &', TYP. (OMIT AT FILES) u

AWAY FROM PILES (TYP.)

SET OF #5 @ 8" AWAY FROM FILES (3 SETS @ EA. FILE, TYF.)

!

PILE CAP ELEVATION

(LOOKING EAST)

DIMENSIONS AND ELEVATIONS ARE GIVEN ALONG & PIER
GIRDER STOF AND CURTAINWALL REINFORCEMENT NOT
SHOWN, SEE PLAN REF. NO. BG28W-09 AND BG28W-10

NOTES:

FRONT SURFACE OF CONCRETE FILE CAP AND GIRDER STOFPS

1

SHALL RECEIVE "MT. ST. HELENS" PIGMENTED SEALER TO 1
FOOT BELOW FINISHED GRADE.

2. WALL COPING SHALL RECEIVE "MT. BAKER" PIGMENT SEALER.
3. THE LENGTH OF TRANSVERSE GIRDER STOPS ARE NOMINAL.
REFER TO PLAN REF. NO. BG28W-11 FOR DETAILS.
4. FOR DETAILS OF GROUT PAD RECESS, REFER TO PLAN REF.
NO. BG28W-11.
5. FOR DETAILS OF WALLS 09.15ML-O AND 09.20ML-0, SEE OTHER
PACKAGE.
TOFP OF GROUT PAD|ELEVATION| ANGLE
GIRDER A 144.17 90°00'00"
GIRDER B 144.34 90°00'00"
GIRDER C 144.51 90°00'00"
GIRDER D 144.68 90°00'00"
GIRDER E 144.51 88°458'45'
GIRDER F 144.30 87°37'29"
& PIER 2
BEARING !
GROUT PAD !
i
i
i
i
i
!
i
COPING i
jol B
S| i
P u i
o= < . GRAVEL BACKFILL
E ! FOR WALL
CONCRETE SLOPE i
PROTECTION i PILE CAP
i
= i
| i
] |
LN I
TEMPORARY RN - ;
WALL DURING N YIS - RGN
CON5TEUCT!ON\~} AR % : NARRNRN
A B
o 2L i
o <= |
CoEs !
2R
<|n
= W
4l |
w 40" 50
MIN. '

SECTION .
-/

FOR REINFORCEMENT DETAILS,
SEE PLAN REF. NO. BG28W-10

c:\users\knbr\documents\projectwise\work ingdir\wsdot\dms13258\XL5467 _07 -DE _BG_BR28W-Pier2La;
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Time: 8:29: 17 AM DESCRIPTION DATE |NO

EOR.1 STAWP BOX

DATE

A

/4

Washington State
Department of Transportation

1-405; RENTON TO BELLEVUE WIDENING
AND EXPRESS TOLL LANES PROJECT

FLATIRON LaNE 7

112TH AVENUE SE OVER SB 1-405

PLAN REF.NO.

[BG28W-07|

SHEET

DATE
EOR.2 STAWP BOX

wood. COWI

PIER 2 FLAN AND ELEVATION
Bogk EZ P

oF

SHEETS

age 54 g
)

57



SHEET.

FILE NO. 9242

1-405

€ PIER 1
|
|
i
i
i
i
i
i

PIER 1

&
!
i
i
i
i
i
i
i

i I e
BACK OF EL. 142.41 EL. 142.21 BACK OF % %
EL. 142.00 PAVEMENT / \ PAYEMENT EL. 141.80 © °
\ i OPTIONAL ! \ N N
f e ] CONSTRUCTION R Ee———— —_—
U I i T ;
N i : JOINT N o f 7
@ C% ‘1 : | ‘ : B Q% ! 5 INSIDE
- i i ! :
o 2 | s o o S——
ol | i : vl
' |2 - j ' ! ! [ j OPTIONAL
2 i opp i ; 2 CONSTRUCTION
e ( ; N : - JOINT, TYP. — A iON
‘: ; * I s JOINT
: :
" PJF " PJF T I
‘ 77 g x #5 OUTSIDE ffiC'SS'DE #5 OUTSIDE
» FACE i ! FACE
W 3 2" PJF w ( ) C D
8 ! 2" PUF RS \
b b
ol ! \ ol LED,'\//-\DFHEAGM
ol | NS
!
: 7 ! - 2 5
!
|
| v -\ L L
LEVEL J WALL WALL J 0.5" PJF ; 0.5" PUF 7
EL. 131.50 /og.m R N LEVEL WALL WALL
EL. 131.50 09.17L 09.17L
#5 @ 8" #5 @ 8" #5 @ 8" #5 @ 8"
OUTSIDE FACE INSIDE FACE OUTSIDE FACE INSIDE FACE SECTION SECTION /B
PIER CAP REINFORCEMENT
ELEVATION ELEVATION FIER CAr K
PIER 1 - SOUTH CURTAIN WALL PIER 1 - NORTH CURTAIN WALL
(LOOKING NORTH) (LOOKING SOUTH)
d . . I3 END DIAPHRAGM
#5 INSIDE /
#5 INSIDE
| FACE
P 4 S j
. \ 4
W \LWALL 09.17L WALL / T T e N T T
%" PIF 09.17L
#5 OUTSIDE FACE - o pE #5 OUTSIDE FACE
o 2 J
(@I
SECTION {E ) SECTION /DY
c:\users\knbr\documents\projectwise\work ingdir\wsdot\dms13258\XL5467 _08 _DE _BG_BR28W-PierDetl.dgn ‘ " » . PLAN REF.NO.
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ge 55 gl
)
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SHEET.

FILE NO. 9242

05

I-4

148.36

—

2" EXPANDED
POLYSTYRENE
#*
S
8

sz

S|

Z1X

NS

IR

i bS

W =

IS
OPTIONAL 1 )
CONSTRUCTION :
JOINT (TYP.)

#8& OUTSIDE FACE

CONSTRUCTION
JOINT

¢ PIER 2 ¢ FIER 2
i i
A A (BN (A !
EL. 148.18 ' ' i F
-/ — EL. 148.00 EL 14818 !
i |
. i
i
. i
i
i [ B
w ‘ ; /D P
L4 i !
(DN 5. |8 I N P
- |< | dla .
o/ sl ofE i ‘i \ Sz ®|e -
AR i s ®|w i I
S o2 i ' N S i
sz R i ‘ ; sl R|® [ et
5 ! ui B} ;
2 S ‘ 2 3 FER TN
i RN O * Pl
e : ' OPTIONAL L - . -
] T T CONSTRUCTION -8 — -
,,,,,,,,,,,,,, ; JOINT ! OPTIONAL
4 1 u ‘ |
H 1 !
©|< I = o I
P ! ‘ ©|< '
© w ! s i
22 5IM I i a ‘
|5 3 ! n|a | |
9 ! *|5 |
ES ' |
1 |
i !

LEVEL EL. 137.96 J

#5 @ 6"
INSIDE FACE

#8 @ 6"
OUTSIDE FACE

#5 @ 6" U BAR
EACH END uéa

4

ELEVATION
PIER 2 - NORTH CURTAIN WALL

(LOOKING SOUTH)

#5 INSIDE FACE M

[ #8& OUTSIDE FACE

LEVEL EL. 137.96

#8 @ 6"

|

OUTSIDE FACE

#5 @ 6"
"VINsIDE FACE

l #5 @ 6" U BAR

" EACH END u%

ELEVATION

PIER 2 - SOUTH CURTAIN WALL

END

(LOOKING NORTH)

DIAPHRAGM

WALL

09.15ML—O\

SECTION <; )

SOUTH CURTAIN WALL SHOWN,
NORTH SIMILAR

#5 INSIDE FACE

#5 INSIDE
" Face

SECTION .
N

PIER CAP REINFORCEMENT NOT SHOWN.
SOUTH CURTAIN WALL SHOWN, NORTH
SIMILAR

/#5 OUTSIDE FACE

SECTION .
N

SOUTH CURTAIN WALL SHOWN,
NORTH SIMILAR

#8 OUTSIDE FACE

#5 INSIDE
FACE

<]

CONCRETE
SLOFE
PROTECTION

SECTION

SOUTH CURTAIN WALL SHOWN,

NORTH SIMILAR

END
" DIAPHRAGM

c:\users\knbr\documents\projectwise\work ingdir\wsdot\dms13258\XL5467 _09 _DE _BG_BR28W-PierDet2.dgn

TREET | J0TL
Mo | sheets

Design Mgr: STEVE WOODRUFF RELEASE FOR CONSTRUCTION RECORD "o |_STATE FED. AID. PROJ. NO
Designed By: M. DASTFAN

Checked By M. BAUGHMAN 10| WASH.

Detailed By: P. CONRAD JOB NUMBER

Current Revision By: XL5467

Date: 4/15/2021 RELEASE FOR CONSTRUCTION oaroz021] o

Time: 7:45:29 PM DESCRIPTION DATE |NO

DATE

EOR.1 STAWP BOX

A

/4

Department of Transportation

Washington State

FLATIRON LaNE 7

1-405; RENTON TO BELLEVUE WIDENING
AND EXPRESS TOLL LANES PROJECT

112TH AVENUE SE OVER SB 1-405

PLAN REF.NO.

G28W-0!
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——  wood. COWI

EOR.2 STAWP BOX
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oF

SHEETS

Bogk EZ P
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SHEET.

FILE NO. 9242

1-405

e

END
DIAPHRAGM

3 SETS OF #5,
AT EACH FILE

NES
NE
==

CONST. JT. WITH

ROUGHENED SURFACE —

& PIER 1

l«—3 - #6 EACH

/DY tle v v P EVENLY SPACED
5 E = END
o " RIISEE | DIAPHRAGM
N o S S |
g !
ey . i —
#4 L t t ¥ SET OF #5
6 - #4, EQ. SPA. 2 - #11 EACH ©|=
SIDE OF PILE, |33 D
L #6 - 6" SPA. HEADED AT
hd BOTH ENDS

GIRDER STOF
(BEYOND)

7 - #11 TOP,
HEADED AT
BOTH ENDS

FACE, EVENLY
SPACED

#5 TIE, AT MID-HEIGHT
OF CAF, 3 AT EA. FILE
LOCATION —

la—4 - #11 EF. (PIER 1)

4 - #6 EF. (PIER 2)

7 - #11 E.F.

3
COVER

*
EN
CLEAR

7 - #4

1-SET OF #4

=

5 SETS OF #4

CONSTRUCTION JOINT
WITH ROUGHENED

SURFACE

i
! SET OF #4 @ &

7 - #11 TOP,
HEADED AT BOTH ENDS

3 - #5 TIES, AT 1'-0" MAX.,
SEE LAYOUT SHEETS FOR
PATTERN m———

NN

y 3 - #6 E.F.
EVENLY SPA.
ABOVE FIN WALL

4 - #11 (PIER 1),
4 - #6 (PIER 2)
E.F. EVENLY SFPA
WITHIN FIN WALL

——

CONNECTION

7 - #11 BOTTOM,
HEADED AT

3 - #11 TO FASS THROUGH

PROJECTED BARS FROM FILE,

HEADED AT BOTH ENDS

BOTH ENDS

AN VN

AT PILES

SECTION

(AN

PIER 1 SHOWN AT FIN WALL,

#11 E.F.

'06,07/
PIER 1 AWAY FROM FIN WALL AND
PIER 2 SIMILAR (WITHOUT FIN WALL)

OPTIONAL
CONSTRUCTION JOINT

nm

RN EEEE R
i A B T Y A

T

#6 - 6" SPA.

[

AWAY FROM PILES

SECTION /B
PIER 1 SHOWN, Qe.07
FIER 2 SIMILAR

OPTIONAL

CONSTRUCTION JOINT — |

1 SET OF #4 I::l

5 SETS OF #4
@ EQ. SPA

H
| 1]

L1

40T
‘ SET OF #4 @ & ‘

1 SET OF #4

L

|

SET OF
#4 @ 8"

DETAIL /4 s

PIER CAP REINFORCEMENT Q8,07
NOT SHOWN

SURFACE

#4 @ 8"

DETAIL (2 >

PIER 1 SOUTH SIDE SHOWN, Q8:07'
OTHER LOCATIONS SIMILAR.
PIER CAP REINFORCEMENT NOT SHOWN

END

—

T
1 SET OF [T 1 |5-a

5 SETS OF #4

CONSTRUCTION JOINT
WITH ROUGHENED

DIAPHRAGM

—

& BRG. PIER

5-#4 @
EQ. SFPA.

s [T 1] ‘ SET OF

#4 @ &'

1-#4 @ 8"

]

I

SECTION < ; > SECTION . SECTION SECTION < E )
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